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(54) Exposure apparatus and surface position adjustment unit

(57) The present invention provides for exposure
apparatus including a projection optical system that has
an image field capable of exposing a shot area in a scan-

ning exposure apparatus in one shot. This allows a 1 in

1 exposure, with the shot area being the maximum ex-

posable range of the scanning exposure apparatus. In

addition, the main control unit changes the control factor

of the exposure system contributing to the throughput,

in accordance with the minimum line width of the pat-

tern. The control factor is changed so that the state (or

the value) moves into a state where more priority is put

on throughput, only when reduction in exposure accu-

racy is allowed. This makes it possible to improve the

throughput while maintaining the exposure accuracy,

compared with the case when the exposure system is

controlled based on the same value at all times.
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Description

[0001] The present invention relates to an exposure

apparatus, a surface position adjustment unit, a mask,

and a device manufacturing method. More particularly,

the present invention can relate to an exposure appara-

tus used in a lithographic process to manufacture an

electronic device such as a semiconductor device or a

liquid crystal display device, a surface position adjust-

ment unit suitable for adjusting the surface position of a

substrate in said exposure apparatus, a mask that can

be suitably used in said exposure apparatus, and a de-

vice manufacturing method using the exposure appara-

tus.

[0002] Conventionally, in a lithographic process to

manufacture a device such as a semiconductor device

or a liquid crystal display device, the static type projec-

tion exposure apparatus based on the step-and-repeat

method (the so-called stepper), the scanning type pro-

jection exposure apparatus based on thestep-and-scan

method (scanning step type projection exposure appa-

ratus: the so-called scanning stepper), and the like have

been mainly used as the projection exposure apparatus.

[0003] The semiconductor device is formed by over-

laying several tens of circuit patterns onto a substrate

such as a wafer; however, the line width of each pattern

in each layer is not the same. That is, layers exist, such

as: a critical layer which is mostly made up of a circuit

pattern having a fine line width the same level as the

limit of resolution of the latest edge projection exposure

apparatus such as the scanning stepper using the KrF

excimer laser as a light source (hereinafter summing it

to "KrF scanner unit" as appropriate), a non-critical layer

(also referred to as a rough layer) made up of a circuit

pattern having a wider line width compared to th e critical

layer, and a middle layer made up of a circuit pattern

which line width is in between the critical layer and non-

critical layer.

[0004] In general, resolution becomes higher when
the exposure wavelength is shorter, and when the ex-

posure wavelength is the same, resolution, in other

words, the minimum line width resolvable becomes finer

when the numerical aperture (N.A.) of the projection op-

tical system increases. In addition, the resolution of the

static type exposure apparatus (also referred to as a one

shot exposure apparatus) such as the stepper is far in-

ferior compared with the scanning stepper, whereas, the

throughput tends to be high. Accordingly, in the actual

manufacturing site of a semiconductor device and the

like, various types of exposure apparatus are used de-

pending on the layer, and the same electronic device is

usually manufactured using a plurality of types of expo-

sure apparatus. As a method of using a plurality of types

of exposure apparatus depending on layers, a mix-and-

match; combining a scanning stepper having a short ex-

posure wavelength (for example, a KrF scanner unit)

and a stepper having a long exposure wavelength (for

example, an i-line stepper), is frequently used.

[0005] In addition, with such projection exposure ap-

paratus, it is necessary to transfer the pattern of the

mask onto the substrate in a state where the surface of

the substrate such as the wafer coincides with the best

5 image-forming plane of the projection optical system.

For this reason, in the projection exposure apparatus, a

system to detect the position of the wafer surface in the

optical axis direction of the projection optical system

(hereinafter appropriately referred to as "height posi-

10 tion") - a height position detection system - is provided.

In recent years, since the height position cannot be de-

tected accurately when the height position measure-

ment of the wafer is performed at only one point due to

the influence of steps on the wafer surface, a height po-

15 sition detection system that detects the height position

at a plurality of points on the wafer (hereinafter also re-

ferred to as a "multiple point AF system") has been pro-

posed. This multiple point AF system, for example, irra-

diates light having passed through a plurality of slits ar-

20 ranged in a predetermined pitch onto the wafer from an

oblique direction, and based on the positional relation-

ship between the light reflected off the wafer and a plu-

rality of photo-detectors (photodetection elements) cor-

responding to the respective slit lights, the height posi-

es tion is detected with high precision at a plurality of points

on the wafer.

[0006] Further, with the height position detection sys-

tem, detection of the height position becomes difficult

when the height position of the wafer deviates from the

30 best focal position and the light reflected off the wafer

does not reach the photodetection area of the photode-

tection elements (when the height position of the wafer

is off the range of the height position range detectable

by the photodetection element). Also, with the multiple

35 point AF system that irradiates a plurality of slit lights

onto the wafer from an oblique direction, forms a plural-

ity of slit images arranged in a predetermined pitch on

a wafer, and individually detects the catoptric light of

each slit light with a plurality of photo-detectors, if the

40 height position of the wafer deviates from the target po-

sition, then the slit images on the wafer deviates in the

arrangement direction of the slit images. When the de-

viation amount of the slit image on the wafer reaches

half (1/2) the pitch of the slit image (the interval between
45 two adjacent slit images), these catoptric lights shift one

by one with respect to their corresponding photo-detec-

tors and are incident on the photo-detectors arranged

next to the corresponding photo-detectors. Accordingly,

the photo-detectors excluding the ones arranged on the

50 edge output the same signals as when the wafer surface

is located at the target position. In this case, the multiple

point AF system may make an error in detection and
consider that the position of wafer surface is at the target

position, in spite of the fact that the wafer surface is off

ss the target position.

[0007] So, with the current projection exposure appa-

ratus, a photoelectric sensor called a tracking sensor is

arranged in general. The tracking sensor detects the de-
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viation direction of the substrate surface from the target

position, even in the case the height position cannot be
detected because the height position of the substrate

surface has deviated from the target position, and when
the plurality of light rays for height position detection re- 5

fleeted off the substrate shift one by one with respect to

their corresponding photo-detectors and are incident on
the photo-detectors arranged next to the corresponding

photo-detectors, the tracking sensor detects that the

height position of the substrate is off the target position.

The multiple point AF system that includes the tracking

sensor is disclosed in, for example, Japanese Patent

Laid Open (Unexamined) No. 07-130635, and the cor-

responding U.S. Patent No. 5,569,930.

[0008] In addition, for projection exposure apparatus

such as the conventional steppers, conditions contrib-

uting to improvement in throughput that have nothing to

do with the improvement of resolution, such as, the step-

ping velocity of the substrate stage in between shots,

permissible positional error on position setting settle-

ment, and the like were always the same when exposure
was performed. That is, in what is called the process

program file, which is a type of database for setting ex-

posure conditions, various control parameters were set

without any options. In otherwords, with the convention-

al projection exposure apparatus the controfpararneters

such as the stage parameter were set with the exposa-

ble minimum line width as the target; regardless of the

pattern line width required.

[0009] Now, the size of the exposable maximum area

(hereinafter referred to as "exposure range") with a con-

ventional stepper is, for example, a 22mm x 22mm sized

square, whereas with the scanning stepper the size of

the exposure range is, for example, a 25mm x 33mm
sized rectangle, being different in size and shape.

Therefore, when a shot area of the stepper and a shot

area of the scanning stepperwere overlaid based on the

mix-and-match referred to earlier, and a so-called 1 in

1 exposure was performed, the actual exposure area of

the scanning stepper capable of exposing a large area
had to.be limited to the exposure range of the stepper.

Thus, the capability of the scanning stepper (large ex-

posable range) could not be efficiently used.

[0010] On the other hand, when one shot area of the

scanning stepper and two adjacent shot areas of the

stepper are overlaid, and a so-called 2 in 1 exposure is

performed, errors of shot rotation, shot magnification,

and the like may remain since the center of the two shot

areas differ.

[0011] In addition, with the conventional stepper and
the scanning stepper, in accordance with the different

alignment method of the masks, masks that have align-

ment marks with a different arrangement and number
were respectively used. The. mix-and-match using both

the stepper and the scanning stepper that have a differ-

ent exposure range size is disclosed in, for example, U.

S. Patent No. 5,989,761.

[0012] Also, with the conventional projection expo-

sure apparatus, the measurement point corresponding

to the tracking sensor was located at one or two points

around the center portion within the projection area. Or,

a pair of points was arranged outside a set of opposing

sides of a rectangular area serving as the projection ar-

ea, in the vicinity of the center portion of the remaining

opposite sides. Therefore, depending on how the shot

area where exposure is performed first (first shot) is set,

the situation may occur when the measurement point of

the tracking sensor is off the wafer upon first exposure.

That is, usually for the first shot, a circumferential shot

on the wafer is selected, however, in the case the cir-

cumferential shot is a so-called chipped shot, none of

the measurement points of the tracking sensor will not

be located on the wafer. The tracking sensor is used

mainly for setting the wafer surface swiftly in the vicinity

of the best focal position upon exposure of the first shot.

Accordingly, in order to effectively exhibit the function of

the tracking sensor, the first shot needed to be set so

that the situation stated above did not occur. Thus, the

arrangement of the shot area and the decision (selec-

tion) of the first shot were limited.

[0013] In addition, as is described above, with the

conventional projection exposure apparatus, the pa-

rameter of the apparatus was always fixed regardless

of the minimum line width subject to exposure, so expo-

sure was performed with the same accuracy in both cas-

es when a pattern with a fine line width was transferred

and when a pattern with a wide line with was transferred.

That is, even when a rough layer - subject to a pattern

having a wide line width - was exposed, the same control

parameters such as the permissible value of stage vi-

bration on exposure, the positional deviation permissi-

ble value of the substrate surface with respect to the

target surface on automatic focusing, and the like were
set as when a middle layer or a critical layer - subject to

a pattern having a narrower line width (the resolvable

minimum line width set in accordance with the exposure

wavelength and the numerical aperture of the projection

optical system)- was exposed.

[001 4] As a consequence, even in the case when the

required exposure accuracy was low and more priority

could have been put on throughput, exposure was per-

formed using the same control values as of the case

when the required exposure accuracy was high and pri-

ority was required on resolution.

[0015] The present invention seeks to provide an ex-

posure apparatus, surface position adjustment unit,

mask, and device manufacturing method having advan-

tages over known such arrangements and method.

[001 6] In particular, the invention seeks to provide for

a static type exposure apparatus that can fully realise

the capability of a scanning exposure apparatus, and
can effectively suppress an overlay error with the pat-

tern formed by the scanning exposure apparatus from

occurring.

[001 7] Also, the invention can seek to provide a mask
capable of usage in both the scanning exposure appa-
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ratus and the static type exposure apparatus.

[0018] Further, the invention can seek to provide a

surface position adjustment unit capable of swiftly ad-

justing the positional deviation related to a second ob-

ject, on which a pattern of a first object is projected, in

the optical axis direction of the projection optical system.

[0019] Also, the invention may seek to provide an ex-

posure apparatus with an improved degree of freedom
when the arrangement of divided areas on the substrate

is set and when the exposure sequence of the divided

areas is set (selected).

[0020] Still further, the invention may seek to provide

a device manufacturing method that can contribute to

improving the productivity of a device.

[0021 ] According to a first aspect ofthe present inven-

tion, there is provided a first exposure apparatus that

exposes a substrate via a mask with an energy beam in

a state where the mask and the substrate are stationary,

the exposure apparatus comprising an exposure sys-

tem which includes: a projection optical system having

an image field large enough so that a divided area on
the substrate exposed- in one time with a scanning ex-

posure apparatus can be exposed in one shot by pro-

jecting the energy beam outgoing from the mask onto

the substrate; and a substrate stage on which the sub-

strate is mounted.

[0022] The scanning exposure apparatus, here, re-

fers to an exposure apparatus based on the scanning

type method, such as a scanning stepper (scanning step
type projection exposure apparatus), which transfers a
pattern of the mask onto a divided area on the substrate

while the mask and the substrate are synchronously

moved.

[0023] With this exposure apparatus, the exposure

system comprises a projection optical system that has
an image field large enough so that a divided area (shot

area) on the substrate exposed in one time with a scan-

ning exposure apparatus can be exposed in one shot

by projecting the energy beam outgoing from the mask
onto the substrate in a state where the mask and the

substrate are stationary. Therefore, on performing the

mix-and-match referred to earlier, the shot area that is

exposed at once with a scanning exposure apparatus

can be exposed in one shot. Accordingly, by the I in I

exposure, the maximum exposable range of the scan-

ning exposure apparatus can be set as the shot area,

and this allows the capability of the scanning exposure
apparatus to be exhibited to the full, and also becomes
possible to suppress residual errors such as shot rota-

tion, shot magnification due to overlay to the utmost,

since both the exposure apparatus (the scanning expo-

sure apparatus and the exposure apparatus in the

present invention) have the same shot center.

[0024] In this case, the one divided area exposed with

the scanning exposure apparatus can have a rectangu-

lar shape with a size which is one of (25mm x 33mm)
and (26mm x 33mm). And in this case, the mask can be
a 6-inch size, and the projection optical system can have

a projection magnification of 1/4.

[0025] With the first exposure apparatus related to the

present invention , the one divided area exposed with the

scanning exposure apparatus can have a rectangular

5 shape with a size of (22mm x 26mm). In this case, the

mask can be a 6-inch size, and the projection optical

system can have a projection magnification of 1/5.

[0026] With the first exposure apparatus related to the

present invention, the image field can have a circular

10 shape with a diameter in which the divided area of the

scanning exposure apparatus is almost inscribed. That

is, in the case the one divided area is of a rectangular

shape having the size (amm x bmm), the image field can

be of a circular shape having a diameter of at least D=
15

(a2 + b2)^.

[0027] With the first exposure apparatus related to the

present invention, the projection optical system can be
capable of resolving a pattern having a line width of

0.35u.m on the substrate.

[0028] With the first exposure apparatus related to the

present invention, the exposure apparatus can further

comprise: a control system which totally controls the ex-

posure system and changes a control factor of the ex-

posure system related to throughput in accordance with

a minimum line width of a pattern subject to transfer. In

such a case, the exposure system comprises a control

system, which changes the control factor of the expo-

sure system related to throughput (hereinafter referred

to as "throughput control factor" as appropriate) in ac-

cordance with the minimum line width of the pattern sub-

ject to transfer. So, for example, on exposure when the

minimum line width of the pattern subject to transfer is

fine and requires tight exposure accuracy, the through-

put factor is changed so that the state (or value) moves
into a state where priority on resolution is higher than

throughput. Whereas, on exposure when the minimum
line width of the pattern subject to transfer is wide and
requires moderate exposure accuracy, the throughput

factor is changed so that the state (or value) moves into

a state where priority on throughput is higher than res-

olution. Accordingly, it obviously becomes possible to

improve the throughput compared with the case when
the exposure system is controlled with the same
throughput factor at all times. In addition, in this case,

since the throughput control factor is changed so that

the state (or value) becomes a state where more priority

is put on throughput only in the case when the exposure
accuracy required is not so high, in other words, in the

case when a decrease in exposure accuracy is allowed

to some extent, as a consequence, the exposure accu-

racy can be maintained at a sufficient level.

[0029] Accordingly, when mix-and-match with the

scanning exposure apparatus such as a scanning step-

per is performed, the capability of the scanning expo-

sure apparatus can be fully exhibited, while the expo-
sure accuracy (including the overlay accuracy) can be
maintained at a sufficient level. The throughput, in this

case, can also be improved.
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[0030] In this case, the control factor subject to the

change can include at least one of: a permissible value

of aphysical quantity related to a position setting accu-

racy of the substrate stage; time until position setting of

the substrate stage is judged complete; a permissible s

value of error from a target surface of a surface of the

substrate with respect to an optical axis direction of the

projection optical system; a permissible value of heat

quantity stored in the projection optical system due to

irradiation of the energy beam; a permissible value of

vibration quantity of the substrate stage during expo-

sure; a permissible error of an exposure amount provid-

ed on the substrate; a physical quantity related to an
alignment measurement accuracy of the substrate; and
an on/off of automatic focusing on alignment measure-
ment.

[0031] In this case, the permissible value of the phys-

ical quantity related to a position setting accuracy of the

substrate stage can include at least one of a permissible

error from a position setting target value, a maximum
permissible velocity, and a maximum permissible accel-

eration. In addition, the physical quantity related to an
alignment measurement accuracy of the substrate can
include at least one of a quantity related to selection on
selecting alignment marks for alignment measurement
from a plurality of alignment marks on the substrate and
a measurement time of the alignment mark.

[0032] With the first exposure apparatus related to the

present invention, the control system may change the

control factor in 2 stages, in the case when the minimum
line width is less than 0.7u,m and in the case when the

minimum line width is equal to and over 0.7ujn.

[0033] According to a second aspect of the present

invention, there is provided a surface position adjust-

ment unit that makes a surface of a second object al-

most coincide with an image plane of a projection optical

system which projects a pattern formed on a first object,

the unit comprising: an irradiation system which forms

a plurality of first irradiation points within a projection ar-

ea of the pattern with the projection optical system by
irradiating first lights from an oblique direction with re-

spect to the second object, and also forms a second ir-

radiation point in a vicinity of at least one comer of the

projection area by irradiating a second light from an ob-

lique direction on the second object; a first photodetec-

tion sensor capable of individually detecting a reflection

light from each of the first irradiation points photo-elec-

trically, and of outputting a deviation signal correspond-

ing to a deviation amount of the surface of the second
object with respect to a predetermined reference sur-

face related to an optical direction of the projection op-

tical system at each of the first irradiation points; a sec-

ond photodetection sensor capable of photo-electrically

detecting a reflection light of the second light from the

second object; a stage which holds the second object

and can be driven in at least the optical direction; and a
driving unit which drives the stage in the optical axis di-

rection based on an output of the second photodetection

sensor to arrange the surface of the second object in a

vicinity of a best image forming plane of the projection

optical system, and drives the stage in the optical axis

direction based on the output of the first photodetection

sensor at each of the points to make the surface of the

second object almost coincide with the best image form-

ing plane of the projection optical system.

[0034] With this unit, the first photodetection sensor

detects the deviation amount of the surface of the sec-

ond object against a predetermined reference surface

(for example a targetsurface) in the optical axis direction

of the projection optical system. When the position of

the second object in the optical axis direction deviates,

however, the reflection lights of the first light, which is

the light irradiated from the irradiation system onto a plu-

rality of first irradiation points on the second object, re-

spectively irradiate the position shifted from the corre-

sponding first photodetection sensors, and the situation

may occur when the position of the second object in the

optical axis direction cannot be detected. Therefore, the

driving unit moves the stage based on the output of the

second photodetection sensor so as to arrange the sur-

face of the second object held on the stage in the vicinity

of the best image forming plane of the projection optical

system. And, when the position of the surface of the sec-

ond object in the optical axis direction is arranged in the

vicinity of the best image forming plane of the projection

optical system, and the reflection lights of the first light

irradiated onto the plurality of first irradiation points are

photo-detected by the corresponding first photodetec-

tion sensors, the driving unit moves the stage in the op-

tical axis direction so as to make the surface of the sec-

ond object almost coincide with the best image forming

plane of the projection optical system, based on the de-

viation signals from the respective first photodetection

sensors. In this case, the second photodetection sensor

can acknowledge that the surface of the second object

is located in the vicinity of the image plane of the pro-

jection optical system, and this allows the surface of the

second object to smoothly coincide with the best image
forming plane of the projection optical system. In addi-

tion, since the irradiation system irradiates the second
light on the second object from an oblique direction and
the second irradiation point is formed in the vicinity of at

least one corner of the projection area, it is easy to form

the second irradiation point on the second object by ad-

justing the positional relationship of the second object

and the projection optical system within the plane per-

pendicular to the optical axis. Accordingly, even if the

shape of the shot area (divided area) on the second ob-

ject where the pattern of the first object is projected by
the projection optical system is partially chipped, the po-

sitional deviation of the second object in the optical axis

direction of the projection optical system can be swiftly

adjusted.

[0035] With the surface position adjustment unit ac-

cording to the present invention, it is preferable for at

least one of the second irradiation point to be arranged
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respectively in a vicinity of four corners of the projection

area, and the second photodetection sensor to be indi-

vidually arranged corresponding to each of the second

irradiation points. In such a case, at least a single sec-

ond irradiation point is formed on the second object with- 5

out adjusting the positional relationship of the second

object and the projection optical system within the plane

perpendicular to the optical axis as is described above.

Accordingly, even if the shape of the shot area (divided

area) on the second object where the pattern of the first 10

object is projected by the projection optical system is

partially chipped, the positional deviation of the second

object in the optical axis direction of the projection opti-

cal system can be swiftly and can also more easily be

adjusted. 15

[0036] In this case, selection of a second photodetec-

tion sensor to be used can be made from at least four

second photodetection sensors corresponding to the

second irradiation points. In such a case, even if the

shape of the shot area (divided area) on the second ob- 20

ject where the pattern of the first object is projected by

the projection optical system is partially chipped, it be-

comes possible to select a suitable second photodetec-

tion sensor in accordance with the shape of the shot ar-

ea. 25

[0037] With the surface position adjustment unit ac-

cording to the present invention, when at least one of

the second irradiation point is arranged respectively in

the vicinity of the four corners of the projection area,

each of the second irradiation points can be arranged

within an area located on an outer side of two triangular

shaped areas, when the projection area is divided into

four rectangular areas along a two dimensional direction

perpendicular to the optical axis and each of the rectan-

gular areas is diagonally divided into two in the two tri-

angular shaped areas.

[0038] With the surface position adjustment unit ac-

cording to the present invention, the second photode-

tection sensor can function as a tracking sensor and the

output of the second photodetection sensor can include

whether there actually is a detection signal to be detect-

ed.

[0039] With the surface position adjustment unit ac-

cording to the present invention, a selection of a first

photodetection sensor to be used can be made arbitrar-

ily from said plurality of first photodetection sensors.

[0040] With the surface position adjustment unit ac-

cording to the present invention, the driving unit may use

both outputs of the first photodetection sensor and the

second photodetection sensor when the surface of the

second object is in the vicinity of the best image forming

plane of the projection optical system. That is, when the

surface of the second object is in the vicinity of the best

image forming plane of the projection optical system, the

second photodetection sensor may output signals cor-

responding to the deviation amount of the surface of the

second object with respect to the optical axis direction

against the predetermined reference surface, and the

driving unit may use both this output and the output of

the first photodetection sensor in order to adjust the sur-

face position of the second object in the optical axis di-

rection.

[0041] According to a third aspect of the present in-

vention, there is provided a second exposure apparatus

that transfers a pattern of a mask onto a substrate via a

projection optical system wherein, the first object is the

mask, the second object is the substrate, the exposure

apparatus including the surface position adjustment unit

related to the present invention so as to make the sur-

face of the substrate coincide with the best image form-

ing plane of the projection optical system, and having

an exposure system that transfers the pattern.

[0042] With this apparatus, even if the shot area (pro-

jection area, that is, the divided area) on the substrate

where the mask pattern is projected has a shape par-

tially chipped, the positional deviation of the substrate

in the optical axis direction of the projection optical sys-

tem can be swiftly adjusted. Accordingly, there are no

serious problems even when the so-called chipped di-

vided area is provided on the substrate. Therefore, the

area utility efficiency of the substrate can be improved,

as well as increase the degree of freedom when arrang-

ing the shot area on the substrate.

[0043] In this case, it is preferable for at least one sec-

ond irradiation point to be formed respectively in a vicin-

ity of four comers of a projection area of the projection

optical system, and the second photodetection sensors

to be arranged individually corresponding to each of the

second irradiation points. In such a case, a divided area

(including a chipped divided area) of any position on the

substrate can be set (selected) as the divided area

where exposure is to be first performed without any

problems, therefore, the degree of freedom can also be

improved when setting (selecting) the exposure se-

quence of the divided areas.

[0044] With the second exposure apparatus accord-

ing to the present invention, the second irradiation point

can be formed in the vicinity of a plurality of comers of

the projection area, and the driving unit can select the

second irradiation point formed in the vicinity of at least

one comer of the plurality of comers in accordance with

a position of a divided area on the substrate correspond-

ing to the projection area, and can drive the stage based

on a photoelectric detection result by the second pho-

tosensor of a reflection light from a surface of the second

object at the second irradiation point. In such a case,

when the divided area corresponding to the projection

area where the mask pattern is projected by the projec-

tion optical system is a chipped shot, the driving unit se-

lects the suitable second irradiation point in accordance

with the shape of the divided area so that it can drive

the stage and control the position in the optical axis di-

rection, based on the photoelectric detection results of

the reflection light from the surface of the second object

at the selected irradiation point by the second sensor.

In addition, it is possible to select the second photode-

35
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taction 'sensor to be used depending on the size of the

divided area (shot area).

[0045] With the second exposure apparatus accord-

ing to the present invention, the projection optical sys-

tem may have an image field large enough so that a di-

vided area on the substrate can be exposed in one shot

in a state where the mask and the substrate are station-

ary, the divided area being an area exposed in one time

with a scanning exposure apparatus used to perform

scanning exposure on the substrate at one of a timing

before and after an exposure process of the substrate

using the mask, in such a case, by 1 in 1 exposure, the

maximum exposable area of the scanning exposure ap-

paratus can be set as the shot area, and this allows the

capability of the scanning exposure apparatus to be ex-

hibited to the full, and also becomes possible to sup-

press residual errors such as shot rotation, shot magni-
fication due to overlay to the utmost, since both the ex-

posure apparatus have the same shot center.

[0046] In this case, the exposure apparatus can fur-

ther comprise: a control system which totally controls

the exposure system and changes a control factor of the

exposure system related to throughput in accordance
with a minimum line width of a pattern subject to transfer.

[0047] With the second exposure apparatus accord-

ing to the present invention, regardless of the size of the

image field of the projection optical system, the expo-

sure apparatus may further comprise: a control system
which totally controls the exposure system and changes
a control factor of the exposure system related to

throughput in accordance with a minimum line width of

a pattern subject to transfer. In such a case, for example,

on exposure when the minimum line width of the pattern

subject to transfer is fine and requires tight exposure

accuracy (such as in the exposure of a critical layer), the

throughput factor is changed so that the state (or value)

moves into a state where priority on resolution is higher

than throughput, whereas, on exposure when the mini-

mum line width of the pattern subject to transfer is wide
and requires moderate exposure accuracy (such as in

the exposure of a non-critical jayer (rough layer or a mid-

dle layer)), on the contrary, the throughput factor is

changed so that the state (or value) moves into a state

where priority on throughput is higher than resolution.

Accordingly, it obviously becomes possible to improve

the throughput compared with the case when the expo-

sure system is controlled with the same throughput fac-

tor at all times.

[0048] In the mix-and-match exposure using the

scanning exposure apparatus and the static type expo-

sure apparatus, when the divided area on the substrate

exposed by the scanning exposure apparatus is made
so that it can be exposed in one shot with the static type

exposure apparatus as is described above, it becomes
possible for the static type exposure apparatus to use
the mask that has the same pattern area as the mask
conventionally used by the scanning exposure appara-

tus. Taking this a step further, the possibility of the scan-

ning exposure apparatus and the static type exposure

apparatus using the very same mask arises. The ar-

rangement of the mask alignment mark differs between

the mask for the scanning exposure apparatus and the

5 static type exposure apparatus. The mask related to the

present invention has been made under such circum-

stances.

[0049] According to a fourth aspect of the present in-

vention there is provided a mask used in an exposure
10 apparatus, the mask comprising: a mask substrate; and

• a predetermined pattern which is formed on one side of

the mask substrate and includes a circuit pattern and a

mask alignment mark for a scanning exposure appara-

tus and a mask alignment mark for a static type expo-
's sure apparatus.

[0050] The mask according to the present invention,

contains alignment marks for the respective apparatus,

therefore, in cases such as when mix-and-match is per-

formed, it is possible to use the mask in both the scan-
20 ning exposure apparatus and the static type exposure

apparatus.

[0051] In this case, the predetermined pattern may
further include a pattern for aerial image measurement.
[0052] In addition, in a lithographic process, by using

25 either the first exposure apparatus or the second expo-

sure apparatus of the present invention, a pattern can
be accurately formed on a substrate, thus allowing pro-

duction of a microdevice with a higher integration with

good yield. Accordingly, from another aspect of the

30 present invention, there is provided a device manufac-
turing method that uses either the first exposure appa-

ratus or the second exposure apparatus of the present

invention.

[0053] The invention is described further hereinafter,

35 by way of example only, with reference to the accompa-
nying drawings in which:

Fig. 1 is a schematic view showing the arrangement
of the exposure apparatus of an embodiment ac-

40 cording to the present invention;

Fig. 2 is a detailed view showing the illumination unit *

portion in Fig. 1; - : s - .

Fig. 3 is a view (a planar view) showing the reticle

in Fig. 1 from the pattern surface side (from the low-

45 er surface side in Fig. 1);

Fig. 4 is a planar view showing the wafer holder in

Fig. 1;

Fig. 5 is a view showing a detailed arrangement of

a focal position detection system in Fig. 1 with the
so stage unit;

Fig. 6A is a planar view showing an example of the

pattern forming plate;

Fig. 6B is a view showing an arrangement of a pat-

tern image on the surface of the wafer correspond-
55 jng to the pattern forming plate in Fig. 6A;

Fig.6C is a view showing the photodetection sen-

sors corresponding to the pattern forming plate in

Fig. 6A;

7
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Fig. 7A is a view showing an example of an arrange-

ment of the shot area formed on the wafer;

Fig. 7B is a view showing another example of an

arrangement of the shot area formed on the wafer;

Fig. 8A is a planar view showing a modified example 5

of the pattern forming plate;

Fig. 8B is a view showing an arrangement of a pat-

tern image on the surface of the wafer correspond-

ing to the pattern forming plate in Fig. 8A;

Fig. 8C is a view showing the photodetection units 10

corresponding to the pattern forming plate in Fig.

8A;

Fig. 9 is a view for explaining an example when mix-

and-match is performed with a scanning exposure

apparatus and the exposure apparatus according 15

to the present embodiment;

Fig. 10 is a flow chart showing a control algorithm

of the main controller related to a series of process-

ing operations of the exposure apparatus;

Fig. 1 1 is a view showing an example of a data table 20

when the throughput control parameter is set with

respect to 2 modes, a mode when the minimum line

width subject to exposure 1 is 0.3u,m and over and

less than 0.7u.m and a mode when the minimum line

width subject to exposure 1 is 0.7jxm and over; 25

Fig. 1 2 is a view for explaining the reason to set the

X, Y permissible values in Fig. 11 by modes, show-

ing a temporal change of positional error against

target values of the X stage and the Y stage (sub-

strate table) after deceleration is completed; so

Fig. 13 is a view for explaining a suitable arrange-

ment range of slit images (the second irradiation

points) for Z-following;

Fig. 1 4 is a flow chart for explaining an embodiment

of a device manufacturing method according to the 35

present invention; and

Fig. 15 is a flow chart showing the processing in

step 204 in Fig. 14.

[0054] An embodiment according to the present in- *o

vention will now be described, with reference to Figs. 1

to 12. In Fig. 1, an arrangement of an exposure appa-

ratus related to the embodiment is schematically shown

.

The exposure apparatus 10 is a reduction projection ex-

posure apparatus (the so-called stepper) based on the *5

step-and-repeat method. And, the exposure apparatus

10 comprises a main body chamber 12 and a mechan-

ical room chamber 20 arranged adjacent in the X-axis

direction (the horizontal direction in Fig. 1) on the floor

surface of the clean room. 50

[0055] The main body chamber 1 2 is divided into two

rooms; room 22 and room 24, with a partition wall. Room
22, located on the left in Fig. 1 , houses a main controller

28 (refer to Fig. 5), processors besides the main con-

troller 28, and the like serving as a control system that 55

will be describe later on. In addition, inside this room 22,

two rooms 36a and 36b are vertically provided, divided

by a partition wall not shown in Figs. The upper room

36a serves as a reticle loader chamber where a reticle

loader 40a consisting of a reticle library (not shown in

Figs.) and a jointed arm robot, and the like are arranged.

Also, the lower room 36b serves as a wafer loader

chamber where a wafer loader 40b consisting of a wafer

carrier (not shown in Figs.) and a jointed arm robot, and

the like are arranged. Furthermore, an input/output unit

29 (refer to Fig. 5) such as a display and a keyboard are

arranged outside the room 22.

[0056] Room 24 serves as an exposure room where

most of the exposure system 100 is housed. The expo-

sure system 100 comprises: an illumination unit ILU

which illuminates a reticle R serving as a mask with an

emission line in the ultraviolet region (i-line) having a

wavelength of 365nm; a reticle stage RST which holds

the reticle R; a projection optical system PL arranged

below the reticle stage RST as in Fig, 1 ; and a stage 24

arranged below the projection optical system PL on

which a wafer W serving as a substrate (and a second

object) is mounted, and the like. As is shown in Fig. 1,

a part of the illumination unit ILU (the right hand side in

Fig. 1) is housed in the mechanical room chamber 20,

and the remaining portion is housed within the exposure

room 24. Other parts structuring the exposure system

1 00 are arranged within the exposure room 24.

[0057] In the mechanical room chamber 20, air con-

ditioning units including a cooler, a heater, an air distri-

bution fan (all of them omitted in Figs.), and the like are

housed. With these air conditioning units, the exposure

room 24, reticle loader room 36a, and wafer loader room

36b are air conditioned via an air supply/exhaust piping

system (not shown in Figs.), and the temperature of

these rooms is controlled so as to maintain a target tem-

perature of around ±0.1 °C. In addition, in various places

of the air supply/exhaust system, air filters (HEPA filter,

ULPA filter, and the like) for removing particles are ar-

ranged if necessary. Incidentally, chemical filters may

be arranged in the air supply/exhaust system at neces-

sary places to remove organic material or ion. Also, in

the mechanical room chamber 20, a part of the illumi-

nation unit ILU and the air conditioning unit are arranged

in two independent rooms divided by a partition wall (not

shown in Figs.), and the air conditioning unit performs

air conditioning of the room where a part of the illumina-

tion unit ILU is arranged.

[0058] Next, a detailed description will be made on

each part that structures the exposure system 1 00. As

is shown in Fig. 2, the illumination unit ILU is actually

divided into two housing portions. The housing 50 indi-

cated on the right hand side in Fig. 2 is a lamp house

that houses an ultra-high pressure mercury lamp serv-

ing as a light source for exposure (hereinafter referred

to as "mercury lamp). And, the housing 44 indicated on

the left hand side in Fig. 2 is an illumination system hous-

ing that houses various types of optical members.

[0059] Inside the lamp house 50, a mercury lamp 14,

an elliptic mirror 16, a shutter (not shown in Figs.), an

interference filter 1 8, and the like are arranged in a pre-

4*7 •
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determined positional relationship. Also, inside the illu-

mination system housing 44, arranged from the right

side; a first relay lens 30, a reticle blind 32, a second
relay lens 34, and a mirror M2 are housed. And, at the

borderline portion of the lamp house 50 and the illumi- s

nation. system housing 44, an illuminance unifying opti-

cal system 26 that includes an input lens or an optical

integrator (such as a fly-eye lens, an internal reflection

type- integrator (such as a rod lens), or a diffraction op-

tical element, and in this embodiment a fly-eye lens is

used and hereinafter will also be referred to as "fly-eye

lens") or the like, is arranged. In addition, at the outgoing

end portion of the illumination system housing 44, that

is, below the mirror M2, a main condenser lens 38 is

arranged.

[0060] The description of each portion making up the

illumination unit ILL) (excluding the housing) will now be
made with details on its operation, based on Fig. 2. The
illumination light EL emitted from the mercury lamp 14
is condensed at the second focal point by the elliptic mir-

ror 1 6. In the vicinity of the second focal point, a shutter

(not shown in Figs.) opened/closed by the shutter driv-

ing mechanism (not shown in Figs.) is arranged, and
when the shutter is open, the illumination light EL is in-

cident on the interference filter 1 8 via the mirror M 1 . And,

the interference filter 18 extracts only the wavelength
spectrum necessary for exposure, such as the i-line with

the wavelength of 365mn. As the exposure light, other

than the i-line, the g-line having a wavelength of 436nm
may be used, or a mixture of light having a plurality of

types of wavelengths may also be used. Further, instead

of the mercury lamp 14, the light source may be struc-

tured of an excimer laser or the like that emits a pulse

light in the far ultraviolet region, such as the KrF excimer
laser beam (wavelength: 248nm) or the ArF excimer la-

ser beam (wavelength: 193nm).

[0061] The exposure light EL having passed through

the interference filter 18 (i-line component) then enters

the illuminance unifying optical system 26. The focal

plane on the outgoing side of the fly-eye lens structuring

the illuminance unifying optical system 26 has a posi-

tional relationship conjugate with the mercury lamp 1 4,

and makes up a secondary light source plane.

[0062] The light emitted from each point light source

(element) structuring the secondary light source plane
of the fry-eye lens passes through the illumination sys-

tem aperture stop (not shown in Figs.), the first relay

lens 30, and then illuminates the reticle blind 32. In this

case, as the reticle blind 32, a variable blind which shape
of opening is variable is employed. As is shown in Fig.

5, a movable blind is arranged as the reticle blind 32
which is made up of two L-shaped movable blades 45A
and 45B (hereinafter, the movable blind will also be re-

ferred to as "movable blinds 45A and 45Bn
). The ar-

rangement surface of the movable blinds 45A and 45B
is conjugate with the pattern surface of the reticle R. And
the movable blinds 45A and 45B are driven via movable
blind driving mechanisms 43A and 43B, which operation

is controlled by the main controller 28. In the case of

using the internal reflection type integrator as the optical

integrator, the secondary light source plane referred to

earlier becomes the side of the entering plane, and as

an example, the reticle blind (masking blade) 32 is ar-

ranged close to the outgoing surface which is substan-

tially conjugate with the reticle pattern.

[0063] Referring back to Fig. 2, the illumination light

EL (i-line component) having passed through the open-

ing of the reticle blind 32, passes through the second
relay lens 34, then is deflected by the mirror M2 and il-

luminates the reticle R arranged in a positional relation-

ship of Fourier Transform with the secondary light

source plane, via the main condenser lens 38. In this

case, individual lens elements of the fly-eye lens play

the role of an optical integrator by illuminating the reticle

R via the main condenser lens 39. Accordingly, the illu-

mination area set by the opening of the reticle blind 32
on the reticle R can be illuminated in uniform.

[0064] In this embodiment, the lamp house 50 is con-

nected to the chemical filter fan unit FFU via two hoses
46A and 46B. The chemical filter fan unit FFU is struc-

tured of: a chemical filter; an air distribution portion in-

corporating a fan; and a ULPA filter (ail of them omitted

in Figs.), arranged from the right side in Fig. 2. In this

case, the left hand edge in Fig. 2 of the HEPA filter and
the upper edge of the lamp house 50 are connected by
the hose 46A, and the air within the lamp house 50 is

exhausted from the air exhausting portion 46B arranged

at the lower edge. In addition, an air intake 48 is ar-

ranged projecting on the right hand edge ofthe chemical

filter.

[0065] The chemical filter may have any structure, so

long as it can remove clouding materials (chemical ma-
terial) such as the ammonium sulfate as the mainline,

and any type of chemical filters such as the electrostatic

type, the activated carbon type, the chemical added ac-

tivated carbon type, the ion exchange type, can be used.

[0066] The operation of the chemical fitter fan unit

FFU will now be briefly described. When the main con-

troller 28 (refer to Fig. 5) turns on the mercury lamp 14,

the fan incorporated in the air distribution portion is driv-

en simultaneously, and the air taken in by the air intake

48 is provided to the lamp house 50 through the chem-
ical filter fan unit FFU and the hose 46A.

[0067] The air taken in by the air intake 48 becomes
a chemically cleaned air (that is, air which clouding ma-
terials are removed) by passing through the chemical

filter. Then, when after physical dust (air particles) is re-

moved by the ULPA filter, the air is supplied to the lamp
house 50 via the hose 46A.

[0068] The cleansed air supplied to the lamp house
50 chemically clean, as well as physically clean, be-

comes heated air due to the heat generation of the mer-
cury lamp 14 and is exhausted through the exhausting

portion 46B.

[0069] The air intake 48 takes in the outer air (the air

in the clean room atmosphere) by natural intake, and
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during the air circulation referred to above, pressure at

the downstream side of the air distribution portion is pos-

itive with respect to the external pressure due to the ro-

tation of the fan (not shown in Figs.), whereas pressure

at the upstream side is negative, so the amount of outer

air taken in relevant to the portion where the pressure

is positive to the external pressure, mainly the amount

almost the same as the air flowing out from the lamp

house 50.

[0070] As is described, in the embodiment, since air

which clouding materials are removed by the chemical

filter is supplied to the lamp house 50, the optical reflec-

tion surface or the transmittance surface of the elliptic

mirror 16, the mercury lamp 14, the mirror M1 , and the

like are not clouded. Therefore, a decline in perform-

ance of the exposure apparatus due to the reduction in

transmittance of the optical system or the like can be

prevented.

[0071 ]
Incidentally, the air supplied to the lamp house

50 may be returned to the chemical filter fan unit FFU

through a hose or the like. This can extend the life of the

chemical filter, which results in reducing the running cost

and improving the maintenance ability becomes possi-

ble. In this case, a cooler may be arranged within the

chemical filter fan unit FFU, so that the air exhausted

from the lamp house 50 may be cooled off.

[0072] Meanwhile, as is shown in Fig. 2, to the illumi-

nation system housing 44, dry air which is a factory utility

is supplied at all times via the filter unit FU incorporating

the chemical filter and the HEPA filter (or the ULPA fil-

ter). In this case, as well, air which clouding materials

are removed by the chemical filter is supplied to the il-

lumination system housing 44, therefore the optical re-

flection surface or the transmittance surface of the lens-

es, mirrors, and the like are not clouded, thus a decline

in performance of the exposure apparatus due to the

reduction in transmittance of the optical system or the

like can be prevented. In this case, since the illumination

system housing 44 is not hermetically sealed, the dry

air supplied leaks out into the exposure room by natural

exhaustion.

[0073] Referring back to Fig. 1 , the reticle stage RST
has a vacuum suction portion 52 on its upper surface in

the four comer portions, and via the vacuum suction por-

tion 52 the reticle R is held on the reticle stage RST The

reticle stage RST has an opening (omitted in Figs.) cor-

responding to the pattern area PA (refer to Fig. 3), which

is an area where the circuit pattern of the reticle R is

formed. And, the reticle stage RST is finely movable in

the X direction, Y direction, and 6z direction (the rota-

tional direction around the 2-axis) by the driving mech-

anism (not shown in Figs.).

[0074] Next, the reticle R used in the embodiment will

be described, based on Fig. 3. Fig. 3 shows a planar

view of the reticle R when viewed from the pattern sur-

face side (from the lower surface in Fig. 1 ). As the reticle

R, a square shaped glass substrate is used, that has a

side 6 inches, or around 152.4mm. On one surface of

the glass substrate (the upper surface side in Fig. 3), a

rectangular pattern area PA having a lateral length W
(W, for example, around 100mm) and a longitudinal

length L (L, for example, around 1 32mm) is formed . The

5 center of the pattern area PA coincides with the center

of the glass substrate designwise. The center of the pat-

tern area PA will hereinafter be referred to as the reticle

center Rc. On the periphery of the pattern area PA, a

blackout strip BS is arranged, having a width of around

10 2mm.
[0075] With the projection optical system, the reticle

needs to be aligned at a predetermined reference posi-

tion prior to exposure. As the reference for the align-

ment, the reticle alignment mark is usually arranged.

15 And, by measuring the reticle alignment mark using the

reticle alignment microscope (the reticle alignment mi-

croscope used in the embodiment will be referred to lat-

er in the description) the deviation from the reference

position of the reticle (AX, AY, and A6z) is obtained, and

20 the alignment of the reticle is performed to finely drive

the reticle (fine adjustment) and correct these devia-

tions. The reticle alignment is always performed prior to

exposure regardless of the first layer, the second layer,

or the layer onward; therefore, it is necessary to form

25 the reticle alignment mark on all the reticles in advance.

[0076] On the reticle R used in the embodiment, as is

shown in Fig. 3, along the X-axis passing through the

reticle center Rc at a symmetric position with respect to

the reticle center Rc, 15mm away from the outer edge

30 of the pattern area PA (the inner edge of the blackout

strip BS), a pair of reticle alignment marks Rx1y and

Rx2G are arranged. Besides the pair, on the reticle 3, as

is shown in Fig. 3, seven pairs of reticle alignment marks

- Rxy1, Rxy2, Rxy3, Rxy4, Rxy5, Rxy6, Rxy7, Rxy8,

35 Rxy9, Rxy10, Rxy11, Rxy12, Rxy13, and Rxy14 - are

respectively formed in the vicinity of (0.1 - 0.2mm away

from) the blackout strip BS in an arrangement symmetric

to the Y-axis passing through the reticle center Rc.

[0077] Of these marks, the pair of reticle alignment

40 marks Rxy 1 3 and Rxy1 4 is arranged on the X-axis pass-

ing through the reticle center Rc. In addition, the reticle

alignment marks Rxy1
,
Rxy3, and Rxy5, and the reticle

alignment marks Rxy7, Rxy9, and Rxy11 are respective-

ly symmetric to the X-axis passing through the reticle

45 center Rc, and similarly, the reticle alignment marks

Rxy2, Rxy4, and Rxy6, and the reticle alignment marks

Rxy8, Rxy10, and Rxy12 are respectively symmetric to

the X-axis passing through the reticle center Rc.

[0078] As is shown in Fig. 3, on the reticle R, other

so than the reticle alignment marks described above, four

pairs of measurement marks MPMa1 ,
MPMb

1 ,
MPMa2 ,

MPMb2 ,
MPMc

n ,
MPMc2 ,

MPMd lt and MPMd2 used for

image forming characteristics measurement are formed

in an arrangement symmetric to the Y-axis passing

55 through the reticle center Rc, close to the outside of the

blackout strip BS. In this case, the measurement marks

MPMat ,
MPMb-i, MPMc1t and MPMCg are symmetric to

the measurement marks MPMa^ MPMb2 ,
MPMd^ and

10
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MPMd2 with respect to the X-axis passing through the

reticle center Rc.

[0079]
J

Referring back to Fig. 1 , reticle alignment mi-

croscopes RA1 and RA2 that have pick up devices such

as the CCD and operate based on the image processing

metho&using light with the exposure wavelength as the

illumination light for alignment are arranged in a pair

above the reticle R. In this case, the reticle alignment

microscopes RA1 and RA2 are provided in a symmetri-

cal (horizontally symmetric) arrangement with respect

to the YZ plane including the optical axis AX of the pro-

jection optical system. In addition, these reticle align-

ment microscopes RA1 and RA2 have a structure ca-

pable of reciprocally moving along the X-axis direction

within the XZ plane passing through the optical axis AX.

[0080] Normally, these reticle alignment microscopes

RA1 and RA2 are arranged at a position where they can
observe each of the pair of reticle alignment marks Rx1 y
and Rx2e arranged outside the blackout strip of the ret-

icle R, in a state where the reticle R is mounted on the

reticle stage RST. That is, the reticle alignment marks
Rx1y and Rx20 are normally used for the reticle align-

ment of the exposure apparatus 1 0. In other words, the

reticle alignment marks Rx1y and Rx28 are mask align-

ment marks for the static type exposure apparatus such

as the exposure apparatus 10.

[0081] The reticle alignment microscopes RA1 and
RA2, however, are reciprocally movable along the X-ax-

is direction. Therefore, it is, as a matter of course, pos-

sible to use the pair of alignment marks Rxy13 and
Rxy14 that are arranged closer to the pattern area PA
as the reticle alignment marks, instead of using the ret-

icle alignment marks Rx1y and Rx26.

[0082] In either case, by using the reticle alignment

microscopes RA1 and RA2, the reticle R can be aligned

so that the center of the pattern area PA (the reticle cent-

er Rc) passes through the optical axis AX of the projec-

tion optical system PL.

[0083] Meanwhile, in the case of using the reticle R in

the scanning exposure apparatus such as the scanning

stepper, of the seven pairs of reticle alignment marks -

Rxy1, Rxy2, Rxy3, Rxy4, Rxy5, Rxy6, Rxy7, Rxy8,

Rxy9, Rxy10, Rxy11, Rxy12, Rxy13, and Rxy14 - at

least one pair is used as the reticle alignment marie. That

is, the reticle alignment marks Rxy1 to Rxy1 4 are mask
alignment marks for the scanning exposure apparatus,

and the reticle alignment marks Rxy13 and Rxy14 in

particular, are marks that can be used both in the static

type exposure apparatus and in the scanning type ex-

posure apparatus.

[0084] As is obvious from the description so far, with

the exposure apparatus 1 0 in the embodiment, since the

reticle alignment microscopes RA1 and RA2 are mova-
ble in the X-axis direction, reticle alignment can be per-

formed using at least a pair of a suitable reticle align-

ment mark, even in the case when a reticle for the scan-

ning exposure apparatus is used.

[0085] The projection optical system PL is held by a

main body column (not shown in Figs.) under the reticle

R, with the direction of the optical axis AX as the Z-axis

direction. The projection optical system PL is, for exam-
ple, a double telecentric refraction optical system con-

5 sisting of a plurality of lens elements (refraction optical

elements) arranged at a predetermined interval in the

direction of the optical axis AX and a barrel to hold these

lens elements. As the projection optical system PL, a
projection optical system is used that has a numerical

10 aperture N.A. of 0.52, a projection magnification of 1/4,

and an image field Ef on the image plane side a circular

shape with the diameter D = around 41 .4mm (refer to

Fig. 9), and can resolve a pattern having a line width of

around 0.3u/n on the wafer W. With this projection opti-

15 cal system PL, since the equation (25 x 25 + 33 x 33) 1/2

=41 .4 is valid, it is possible to expose a rectangular ex-

posure range of 25mm x 33mm all at once.

[0086] Referring back to Fig. 1 , the stage unit 42 has:

a base 54; a Y stage 56 reciprocally movable in the Y-

20 axis direction in Fig. 1 on the base 54; an X stage 58
reciprocally movable in the X-axis direction, which is

perpendicular to the Y-axis direction, on the Y stage 56;

and a substrate table 60 serving as a substrate stage

arranged on the X stage 58. In addition, on the substrate

25 table 60, a wafer holder 62 having a shape almost cir-

cular is mounted, and the wafer holder 62 holds the wa:

fer W by vacuum chucking.

[0087] Fig. 4 schematically shows a planarview ofthe

wafer holder 62. As is shown in Fig. 4, the wafer holder

30 62 has an outer wall (rim portion) 64 almost circular, and

a trefoil-shaped inner wall 66 located at the center por-

tion of the wafer holder 62. The area enclosed by the

outer wall 64 and the inner wall 66 having a predeter-

mined shape, is the vacuum area VA, and within this

35 area a large number of pins 68 having a diameter around

0.15mm and a height around 0.02mm are arranged on

the entire area at a substantially equivalent interval. The
height of the inner wall 66 and outer wall 64 is also to

be around 0.02mm. In addition, within the vacuum area
to VA, a plurality of vacuum openings 70 are arranged in

the radius direction with the central angle spaced 120°

apart. In a loaded state of the waferW where the wafer

W is mounted on the wafer holder 62, the space in be-

tween the pins 68 enclosed by the lower surface of the

<5 wafer W, the inner wall 66, and the outer wall 64 is vac-

uum-chucked with the negative pressure of the vacuum
pump (not shown in Figs.) via the plurality of vacuum
openings 70, and the wafer holder 62 holds the wafer

W by suction.

50 [0088] Further outside the outer wall 64 of the wafer

holder 62, as is shown in Fig. 4, a flange portion 72 is

formed on almost the entire periphery area. On the

flange portion 72, a total of five U-shaped notches 74A
- 74E are formed here and there. These notches 74A -

55 74E are provided so that wafer edge sensors can be
arranged to detect the edge of the wafer W, in order to

obtain the center position deviation and the rotational

deviation of the wafer W. That is, at the upper side and

11
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lower side positions of the flange portion 72 correspond-

ing to the inner side portion of the notches 74A - 74E
t a

light-emitting element and a photodetection element (or

a photodetection element and a light-emitting element)

that make up a transmittance type photodetection unit 5

are respectively arranged. The sensor arranged at the

position corresponding to the inner portion of the notch

74A is used to detect the notch of the wafer W that is

mounted with the direction of the notch facing the direc-

tion of 0° (the six o'clock direction). The sensor arranged

at the position corresponding to the inner portion of the

notch 74B is used to detect the notch of the wafer W
that is mounted with the direction of the notch facing the

direction of 90° (the three o'clock direction). The sensor

arranged at the position corresponding to the inner por-

tion of the notch 74C is used to detect a part of the pe-

ripheral portion of the waferW that is mounted with the

direction of the notch facing the direction of 0° (the six

o'clock direction). The sensor arranged at the position

corresponding to the inner portion of the notch 74D is

used to detect a part of the peripheral portion, regard-

less of the direction of the wafer that is mounted (the

direction of 0° or the direction of 90°). And, the sensor

arranged at the position corresponding to the inner por-

tion of the notch 74E is used to detect a part of the pe-

ripheral portion of the waferW that is mounted with the

direction of the notch facing the direction of 90° (the

three o'clock direction).

[0089] Referring back to Fig. 1 , the substrate table 60
is positioned on the X stage 58 in the XY direction, and
is attached in a state where movement in the Z-axis di-

rection and tilt with respect to the XY plane are allowed.

And, the substrate table 60 is supported with three

shafts (not shown in Figs.) at three different supporting

points. These three shafts are independently driven in

the Z-axis direction by the wafer driving unit 21 (refer to

Fig. 5), and due to this operation the surface position of

the waferW (the position in the Z-axis direction and the

tilt with respect to the XY plane) held on the substrate

table 60 is set at a desired state.

[0090] A movable mirror 27 is fixed on the substrate

table 60, and the position of the substrate table 60 in the

X direction, the Y direction, and the 6z direction (rota-

tional direction around the Z-axis) is monitored by an

interferometer 31 arranged external to the substrate ta-

ble 60. The positional information obtained by the inter-

ferometer 31 is sent to the main controller 28 (refer to

Fig. 5). And, for example, the end surface of the sub-

strate table 60 may be mirror-polished so that it may
serve as the reflection surface of the interferometer 31

(corresponding to the reflection surface of the movable
mirror 27). The main controller 28 controls the position-

ing operation of the Y stage 56, X stage 58, and sub-

strate table 60 via the wafer driving unit 21 (this unit in-

cludes all of the driving system of the X stage 58 and Y
stage 56, and the driving system of the substrate table

60) shown in Fig. 5, and furthermore has the operation

of the entire apparatus under control.

[0091] In addition, on one edge of the substrate table

60, a fiducial mark plate FM on which various types of

fiducial marks are formed is fixed. These various types

of fiducial marks include reference marks used for base-

line measurement (to be referred later), which measures
the distance from the detection center of the alignment

system based on the off-axis method to the optical axis

of the projection optical system PL, and reticle align-

ment, and the like. Also, on one edge of the substrate

table 60, a reference planar plate (not shown in Figs.)

that structure a part of an aerial image measurement
unit based on the slit-and-scan method which details are

disclosed in, for example, Japanese Patent Laid Open
No. 08-83753, and the corresponding U. S. Patent No.

5,650,840, is fixed. On this reference planar plate, a pre-

determined slit is formed, and within the substrate table

60 a photodetection optical element is arranged so as

to detect the light entering the substrate table 60 via the

slit. The disclosures cited above are fully incorporated

herein by reference.

[0092] On the -Y side of the barrel of the projection

optical system PL (the upper surface side of Fig. 1), an
alignment system ALG serving as a mark detection sys-

tem based on the off-axis method is arranged. As this

alignment system ALG, for example, an FIA (Field

Image Alignment) system alignment sensorwhich incor-

porates a focal detection system, and also illuminates a
mark with a broadband light such as a halogen lamp and
measures the position of the marie by image-processing

the mark image, as is disclosed in detail in, for example,

Japanese Patent Laid Open No. 07-321030, and the

corresponding U.S. Patent No. 5,721 ,605, is used. This

alignment system ALG is capable of measuring the po-

sition of the fiducial marks on the fiducial mark plate FM
and the alignment marks on the wafer provided on the

substrate table 60 in XY two-dimensional directions.

The disclosures cited above are fully incorporated here-

in by reference.

[0093] The information from the alignment system
ALG is sent to the alignment control unit (not shown in

Figs.). And the alignment control unit performs anaiog-

to-digital (A/D) conversion on the information, and the

mark position is detected by arithmetically processing

the digitally converted waveform signals. The detected

information on the mark position is then sent to the main
controller 28.

[0094] As the alignment system ALG, it is possible to

use, for example, an alignment sensor which employs

a detection method, for example, based on detection of

a diffracted light or a scattering light, besides the image
forming method (image processing method) employed
by the FIA system and the like. For example, an align-

ment system that irradiates a coherent beam almost

perpendicularly on an alignment mark on the wafer, and
detects a diffracted light of the same order (diffracted

light of the ±1^ order, ±2^ order, ±nth order) gener-

ated from the mark made to interfere, may be used. In

this case, the diffracted light may be detected independ-
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entlyby order and the detection result of at least one
order may be used, or a plurality of coherent beams hav-

ing different wavelengths may be Irradiated on the align-

ment mark and the diffracted light of each order made
to interfere by wavelength may be detected. s

[0095] "With the exposure system 100, when the reti-

cle alignment and the like referred to earlier are com-
pleted/the main controller 28 performs alignment of the

reticle R and the waferW based on the detection signals

of the alignment system ALG. And based on the detec-

tion signals of the focal detection system (to be referred

to later) the main controller 28 drives and controls the

substrate table 60 in the Z-axis direction and the tilt di-

rection to adjust the surface position of the waferW via

the driving unit 21 , so that the pattern surface of the ret-

icle R and the surface of the waferW are conjugate with

respect to the projection optical system PL and the im-

age forming surface of the projection optical system PL
coincides with the surface of the wafer W (the surface

of the waferW is within the depth of focus range of the

best image forming plane of the projection optical sys-

tem PL). Then, in a state where position setting and fo-

cusing are completed in this manner, the illumination

light EL emitted from the illumination unit ILU is illumi-

nated onto the pattern area PA of the reticle R with al-

most uniform illuminance, and a reduced image of the

pattern of the reticle R is formed via the projection optical

system PL on the waferW which surface is coated with

a photoresist.

[0096] Furthermore, in this embodiment, a multiple fo-

cal position detection system is arranged. This system
is one of a focal detection system based on the oblique

incident method, and the position of the waferW surface

is detected in the Z direction (direction of the optical axis

AX) with respect to a virtual surface (reference surface)

serving as a reference and parallel to the XY plane,

when the waferW is positioned within the projection ar-

ea of the pattern by the projection optical system PL (the

area on the waferW corresponding to this projection ar-

ea will hereinafter be referred to as the "exposure area").

As is shown in Fig. 1 , the multiple focal position detec-

tion system comprises an irradiation system 74 which

irradiates many image forming lights from a direction in-

cident by a predetermined angle with respect to the op-

tical axis AX on the waferW surface, and a photodetec-

tion system 76 which individually photo-detects the Im-

age forming lights reflected off the waferW surface.

[0097] More particularly, as is shown in Fig. 5, the ir-

radiation system 74 has an arrangement including: an

optical fiber bundle 81 ; a condenser lens 82; a pattern

forming plate 83; a lens 84; a mirror 85; an irradiation

objective lens 86, and the like. In addition, the photode-

tection system 76 has an arrangement including: a con-

denser objective lens 87; a rotational direction vibration

plate 88; an image forming lens 89; a photodetection slit

plate 98; a photodetection unit 90 having many photo-

detection sensors, and the like.

[0098] The operation of each portion making up the

multiple focal position detection system (74, 76) will now
be described. The illumination light IL having a wave-

length different from the exposure light so that it does

not expose the photoresist on coated on the waferW is

guided from the illumination light source (not shown in

Figs.) via the optical fiber bundle 81 . The illumination

light emitted from the optical fiber bundle 81 passes

though the condenser lens 82 and then illuminates the

pattern forming plate 83. The illumination light (light) IL

having passed through the pattern forming plate 83 is

projected on the waferW surface via the lens 84,the mir-

ror 85, and the irradiation objective lens 86, and the im-

age of the pattern formed on the pattern forming plate

83 is projected and formed on the surface of the wafer

W. The illumination light (light of the pattern image) IL

reflected off the waferW passes through the condenser
objective lens 87, the rotational direction vibration plate

88, and the image forming lens 89 and re-forms the im-

age on the photodetection slit plate 98 which is arranged

before the photodetection unit 90. The photodetection

unit 90 has a plurality of photodetection sensors such

as photodiodes that individually photo-detect the catop-

tric light of the plurality of pattern images projected on

the wafer W, and on the photodetection slit plate 98 slits

corresponding to the respective photodetection sensors

are arranged. Accordingly, the light of the pattern image
re-formed on the photodetection slit plate 98 is detected

with each photodetection sensor via each slit, and the

detection signals from each sensor (photoelectric con-

version signals) are supplied to a signal processing unit

91 via a sensor selection circuit 93.

[0099] The main controller28 provides vibration to the

rotational direction vibration plate 88 via a vibration ac-

tivating unit (for example, a vibrator or an ultrasonic os-

cillator or the like). Since the rotational direction vibra-

tion plate 88 vibrates all the light of each pattern image
reflected off the wafer W, each pattern image re-formed

on the photodetection slit plate 98 and each photode-

tection element are relatively vibrating. The signal

processing unit 91 performs synchronous detection on
each detection signal from a plurality of photodetection

elements on the photodetection unit 90 selected by the

sensor selection circuit 93 with the vibration signal of

the vibration activating unit 92 to obtain focus signals (S

curve signals), and then sends the focus signals to the

main controller 28.

[0100] When the surface of the wafer W coincides

with a reference surface (for example, the image form-

ing plane of the projection optical system PL), the main

controller 28 performs calibration of each photodetec-

tion sensor in advance, such as adjusting the angle of

the plane-parallel plate glass (not shown in Figs.) ar-

ranged before the slit plate 98 or electrically providing

an offset to the focus signal value, so that each focus

signal amounts to 0.

[01 01 ] Fig. 6A shows the pattern forming plate 83. As
is indicated in Fig. 6A, on the pattern forming plate 83,

in an arrangement of a 5 row 5 column matrix, 25 aper-
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ture patterns (5 x 5=25) - are formed. In this

case, the interval between the adjacent aperture pat-

terns in the column direction (the lateral direction in Fig.

6A) is D1 , and the interval between the adjacent aper-

ture patterns in the row direction (the longitudinal direc-

tion in Fig. 6A) is D2 (>D1). For example, D2=1.35xD1.
In addition, in Fig. 6A, an aperture pattern P60 is formed,

in between the aperture pattern P^ located in the first

row first column and the aperture pattern P21 located in

the second row first column. Also, an aperture pattern

P70 is formed, in between the aperture pattern P15 lo-

cated in the first row fifth column and the aperture pat-

tern P^ located in the second row fifth column. Further,

an aperture pattern P80 is formed, in between the ap-

erture pattern P41 located in the fourth row first column
and the aperture pattern P51 located in the fifth row first

column. And, an aperture pattern P90 is formed, in be-

tween the aperture pattern P^ located in the fourth row
fifth column and the aperture pattern located in the

fifth row fifth column. Thus, on the patter forming plate

83, a total of 29 aperture patterns are formed.

[0102] These aperture patterns are slit-shaped, hav-

ing an angle of 45 degrees against the direction of the

four sides of the pattern forming plate 83 (X, Y direc-

tions), and the images of these aperture patterns are

projected on the projection area of the reticle pattern by
the projection optical system PL (exposure area) on the

surface of the wafer W.

[0103] In this embodiment, the image light (light of the

pattern image) from the irradiation system 74 is irradi-

ated on the wafer W surface (or on the surface of the

fiducial mark plate FM) from an oblique direction at a
predetermined angle a with respect to the optical axis

AX within an XZ plane. Of the image light, the light re-

flected off the waferW proceeds in a direction symmet-
rically oblique to the image light from the irradiation sys-

tem 74 at a predetermined angle a with respect to the

optical axis AX within an XZ plane, and is detected by
the photodetection system 76, as is previously de-

scribed. That is, the image light from the irradiation sys-

tem 74 and its catoptric light moves along the X-axis

from one end to the other, when viewed from above.

[0104] Therefore, within the exposure area Ef on the

surface of the wafer W, as is shown in Fig. 6B, a first

irradiation point of a first light having passed through the

aperture patterns P^ - P55 that are a total of 25 slit

shaped aperture patterns arranged in a 5 x 5 matrix tilted

in 45 degrees with respect to the X-axis and Y-axis is

formed. And at each first irradiation point, an image of

each of the aperture patterns P^ - P55 (hereinafter re-

ferred to as a "slit image" as appropriate), S ni
- is

formed. In this case, the exposure area Ef is an area of

the size 25mm x 33mm, and within this exposure area

Ef the slit images - are formed in a 5 row 5 col-

umn matrix. The interval between the adjacent slit im-

ages in the column direction (the lateral direction in Fig.

6B) is d1 (d1 is, for example, 5.8mm), and the interval

between the adjacent slit images in the row direction

(the longitudinal direction in Fig. 6B) is d2 (d2 is, for ex-

ample 7.8mm).

[01 05] In the multiple focal position detection system

(74, 76) in this embodiment, the slit images Sn - S55
5 described above are used to obtain the deviation

amount in the direction of the optical axis AX (Z-axis di-

rection) between the waferW and a predetermined ref-

erence surface, such as the image forming plane of the

projection optical system PL, that is, to obtain the Z po-

10 sition of the wafer W, with the respective center points

serving as the measurement points.

[0106] In addition, as is shown in Fig. 6B, a second
light having passed through the aperture pattern P60
forms a second irradiation point in between the slit im-

15 ages and S21 on the surface of the wafer W, and
forms a slit image S60 at the second irradiation point.

Likewise, the second light having passed through the

aperture pattern P70 forms the second irradiation point

in between the slit images S15 and S25 on the surface

of the wafer W, and forms a slit image S70 at the second
irradiation point. Also, the second light having passed
through the aperture pattern P80 forms the second irra-

diation point in between the slit images S41 and S51 on
the surface of the wafer W, and forms a slit image S80
at the second irradiation point. And, the second light

having passed through the aperture pattern P90 forms
the second irradiation point in between the slit images
S45 and S55 on the surface of the wafer W, and forms a
slit image S90 at the second irradiation point.

[01 07] The slit images S60 - S90 are almost the same
size as the respective slit images - S55 , and are like-

wise tilted by 45° with respect to the X-axis and the Y-

axis. The respective center points of the slit images S ni

- S51 in the first column , the center point of the slit image
S60, and the center point of the slit image S80 are all

arranged on the same line, the line being parallel to the

Y-axis. In addition, the center point of the slit image S60
is located at the mid point between the center point of

the slit image and the center point of the slit image
S21 . And, the center point of the slit image S80 is located

at the mid point between the center point of the slit image
S41 and the center point of the slit image S51 .

[0108] Similar as above, the respective center points

of the slit images S15 - S55 in the fifth column, the center

point of the slit image S70, and the center point of the

slit image S90 are all arranged on the same line, the line

being parallel to the Y-axis. In addition, the center point

of the slit image S70 is located at the mid point between
the center point of the slit image S15 and the center point

of the slit image S25 . And, the center point of the slit im-

age S90 is located at the mid point between the center

point of the slit image S45 and the center point of the slit

image S55 .

[01 09] As is described earlier, the light that forms the

slit images - S^, S60, S70, S80, and S90 is irradi-

ated obliquely with respect to the surface of the wafer

W, with the XZ plane serving as the incident plane with

respect to the wafer W. Accordingly, when the Z position
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(height position) of the waferW changes, the irradiation

position of each slit image moves along the X-axis di-

rection (in the direction of the slit images in the same
row, for example, the direction in which the slit images

S15
- S15 are arranged).

[0110] ;'.In this embodiment, 5x5 (=25) slit images are

arranged for focal position detection within the exposure

area Ef ,
however, if the slit images are arranged within

the entire area of the exposure area Ef at a substantially

equal interval, the number of the slit images may be of

any number.

Fig. 6C shows the photodetection unit 90 of the

multiple focal position detection system (74, 76). On the

photodetection unit 90, photosensors D11
- D55 serving

as a first photodetection sensor made up of a five row

five column matrix of photodiodes are arranged. These
photosensors - are respectively arranged hav-

ing a 45 degrees tilt with respect to the X-axis and the

Y-axis. And corresponding to the photosensors, on the

photodetection slit plate 98 arranged in front of the pho-

todetection unit 90 (the lower surface in Fig. 1), slits that

have a 45 degrees tilt with respect to the X-axis and the

Y-axis are respectively formed facinig the photosensors

D 11 " ^55- This keeps light other than the reflection light

(such as stray light) of the slit images - S55 from

entering the photosensors Dn - D55 .

[0111] In this case, on the slits arranged on the pho-

todetection slit plate 98 facing the photosensors D
11

-

055, slit images - S55 shown in Fig. 6B are respec-

tively re-formed. And, by rotationally vibrating the light

reflected off the surface of the waferW with the rotation-

al direction vibration plate 88. on the photodetection slit

plate 98, the position of each re-formed slit image vi-

brates in the direction of the arrow RD in Fig. 6C. Ac-

cordingly, the detection signals of each photosensor
- Dgg are synchronously detected with the rotational vi-

bration frequency signals by the signal processing unit

91 , via the sensor selection circuit 93.

[0112] In addition, as shown in Fig. 6C, in between

the photosensors and D21 , a tracking sensor D60
serving as a second photodetection sensor extending

in the X-axis direction in a predetermined length is ar-

ranged. On the portion opposing this tracking sensor

D60 on the photodetection slit plate 98, a narrow slit-

shaped opening that extends in the X-axis direction cor-

responding to the tracking sensor D60 is formed. The
tracking sensor D60 is an array sensor, for example, that

has a plurality of photodetection areas in the direction

of the photosensors - D 15 arrangement (the X-axis

direction). When the tracking sensor D60 receives the

reflection light (the image light from the slit image) from

the slit image S60, it outputs the detection signals to the

signal processing unit 91 , via the sensor selection circuit

93. And, with the center portion of the tracking sensor

D60 serving as the reference position AC (hereinafter

referred to as center position "AC"), the signal process-

ing unit 91 then measures the deviation amount and the

deviation direction between the photodetection position

of the reflection light from the slit image S60 and the

center position AC. Among the photosensors D 1n
- D55l

the center position AC is located on a straight line pass-

ing through the center point of the photosensors D
t1

-

5 D51 arranged in the first column. That is, when the re-

flection light from the Slit image S60 is irradiated on the

center point of the tracking sensor D60, the Z position

of the wafer W almost coincides with the best focal po-

sition at the irradiating point where the slit image S60 is

10 formed.

[0113] Likewise as above, as is shown in Fig. 6C, in

between the photosensors D 15 and D25, D41 and D51 ,

and and D55 ,
tracking sensors D70, D80, and D90,

serving as a second photodetection sensor extending

15 in the X-axis direction in a predetermined length, are re-

spectively arranged. As these tracking sensors D70,

D80. and D90, array sensors that have a structure iden-

tical with the photosensor D60 are used. And, on the

portion opposing these tracking sensors D70, D80, and
20 D90, on the photodetection slit plate 98, narrow slit-

shaped openings that extend in the X-axis direction cor-

responding to the tracking sensors D70, D80, and D90,

are respectively formed. When these tracking sensors

D70, D80, and D90 receive the reflection light (the im-

25 age light from the slit image) from the slit images S70,

S80, and S90, they output the detection signals to the

signal processing unit91 , via the sensor selection circuit

93. Then, the signal processing unit 91 measures the

deviation amount and the deviation direction between
30 the photodetection position of the reflection light from

the slit images S70, S80, and S90 and the respective

center position AC of the tracking sensors. The center

position AC of the tracking sensor D80 is located on a

straight line passing through the center point of the pho-

35 tosensors D ni
- D51 arranged in the first column. In ad-

dition, the center position AC of the tracking sensor D70
and D90 is located on a straight line passing through the

center point of the photosensors D15 - D55 arranged in

the fifth column. Accordingly, when the reflection light

from the slit images S70, S80, and S90 is irradiated on

the center point of the tracking sensors D70, D80, and

D90, the Z position of the waferW almost coincides with

the best focal position at the respective irradiating points

where the slit images S70, S80, and S90 are formed.

45 [0114] Responding to the instructions from the main

controller 28, among the n lines (n. for example, is 10)

of the output lines (referred to as O
n

- OJ of the photo-

electric conversion signals, the sensor selection circuit

93 outputs the detection signals from one of the four

50 tracking sensors D60, D70, D80, and D90 consisting of

the array sensors described earlier to a specific output

line, for example On . The sensor selection circuit 93 is

also a circuit, which individually outputs the detection

signals of the selected (n-1) number of photosensors of

55 the photosensors D15 - D^, for example, 9 photosen-

sors, to the remaining output lines0
1

- O rv1 respectively.

[0115] Within the signal processing unit 91, n num-
bers of signal processing circuits individually connected

40 .
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to each of the n output lines 0
1

- On and a signal output

circuit that digitally converts the output signals from

these signal processing circuits and outputs them as se-

rial data to the main controller 28 are arranged.

[0116] The main controller 28 is made up of a micro-

computer (or a workstation) that includes a CPU (Cen-

tral Processing Unit), a ROM (Read Only Memory), a

RAM (Random Access Memory), an I/O interface, and
the like, and totally controls each portion structuring the

exposure system 100.

[01 17] Along with the main controller 28, the input/out-

put unit 29 is arranged. This input/output unit 29 includes

a pointing device such as a keyboard and a mouse, and
a display, and the like. The operator inputs various data

via this input/output unit 29.

[0118] Next, focus leveling control of the wafer W,
which is performed prior to exposure of the first shot on
sequentially transferring the pattern of the reticle R to

each shot area on the waferW with the exposure system
1 00 having the arrangement described above in this em-
bodiment, will be briefly described. As a premise, pre-

paratory operations such as the reticle alignment, the

baseline measurement of the alignment system ALG,
and the wafer alignment are to be completed. In addi-

tion, the opening of the reticle blind 32 is to be set match-
ing the size of the pattern area PA of the reticle R. Details

on the preparatory operations of the reticle alignment,

the baseline measurement, and the like referred to

above, are disclosed in, for example, Japanese Patent

Laid Open No. 04-324923, and the corresponding U.S.

Patent No. 5,243,195. The disclosures cited above are

fully incorporated herein by reference.

[0119] In addition, as the wafer alignment referred to

above, for example, EGA (Enhanced Global Alignment)

is performed. EGA, as is disclosed in detail in, for ex-

ample, Japanese Patent Laid Open No. 61-44429, and
the corresponding U.S. Patent No. 4,780,61 7, refers to

an alignment method of obtaining the arrangement co-

ordinates of each shot area on the wafer by measuring
the position of the alignment marks provided along a plu-

rality of specific shot areas (three or greater) selected

in advance from a plurality of shot areas on the wafer,

and performing a predetermined statistical calculation

using the least squares method based on the measure-
ment results and the designed arrangement coordinates
of each shot area on the wafer. The disclosures cited

above are fully incorporated herein by reference.

[0120] The case will first be described when shot ar-

eas SA,,, (m=1
, 2, ,

M) are formed on the wafer W,
as is shown in Fig. 7A.

[0121] In this case, since none of the shot areas SA,,,

is the so-called chipped shot, the main controller 28
sends instructions to the sensor selection circuit 93 to

select an arbitrary sensor from the tracking sensors
D60, D70, D80. and D90 and to select the photodetec-

tion sensor in accordance with the default setting, based
on the shot map data stored in memory in advance or

according to instructions input by the operator. With this

operation, for example, the tracking sensor D60, the

photosensors D 11t D 15 ,
D22 ,

D24 ,
D33 ,

D42 ,
D44, D51 , and

Dgs are respectively connected to each of the ten signal

output lines 0
1

- O10 by the sensor selection circuit 93.

5 [0122] Then, the main controller28 drives the X stage

58 and Y stage 56 via the wafer driving unit 21 based
on the wafer alignment results, and sets the position of

the first shot on the waferW held by the substrate table

60 to the projection position of the reticle pattern.

10 [0123] And, when the illumination light IL is irradiated

from the irradiation system 74, the slit images - S55
and S60 - S90 are formed on the waferW in the manner
previously described. If, however, the surface of the wa-
ferW is deviated to the +Z direction from the best focal

*s position, the reflection light from the slit images S^ - S55
and S60 - S90 shifts to the left hand side in Fig. 6C on
the photodetection slit plate 98 arranged in front of the

photodetection unit 90. When the deviation amount of

the surface of the wafer W in the +Z direction is smaller
20 than a certain value, that is, if the shift amount of the

reflection light from the slit images S^ - S55 and S60 -

S90 on the photodetection slit plate 98 is smaller than

the interval of the photosensors in the X-axis direction,

none of the photosensors receives the image light of the
25 slit images S^ - S55. Whereas, in the case the deviation

' amount of the surface of the waferW in the +Z direction

almost coincides with the certain value referred to

above, the image light of the slit images S^ - S55 is in-

cident on the respective photosensors arranged on the
30 left side ofthe corresponding photosensors (hereinafter,

this state will be referred to as a "pitch shift"). Thus, the

photosensors D other than the photosensors arranged
in the fifth column (D15 ,

D25 ,
D35 ,

D45 , and D^) receive

the reflection light from the slit images.
35 [0124] In either case described above, the reflection

light from the slit image S60 is photo-detected at a pho-

todetection area positioned from the center position AC
of the tracking sensor D60 to the left in Fig. 6C, and the

detection signals are output to the signal processing unit

40 91 via the sensor selection circuit 93. And in the manner
described earlier, the signal processing unit 91 meas-
ures the deviation direction and the deviation amount
between the photodetection position of the reflection

light from the slit image S60 and the center position AC.
45 and outputs the results to the main controller 28. The

main controller 28 then servo controls the substrate ta-

ble 60 so that the reflection light from the slit image S60
is located at the center position AC of the tracking sen-

sor D60, and arranges the Z position of the waferW in

50 the vicinity of the best focal position.

[0125] On the other hand, if the surface of the wafer
W is deviated to the -Z direction from the best focal po-

sition, the reflection light from the slit images S^ - S55
and S60 - S90 shifts to the right hand side in Fig. 6C on

55 the photodetection slit plate 98 arranged in front of the

photodetection unit 90. In this case as well, depending
on the deviation amount, none of the photosensors re-

ceives the image light of the slit images S^ - S55 or the
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photosensors D other than the photosensors arranged

in the first column (D 11 ,
D21 ,

D31 ,
D41 . and D51 ) receive

the/reflection light from the slit images (a pitch shift

state). Whether each slit image is photo-detected by the

corresponding photosensor or is photo-detected by an
adjacent, different photosensor obviously relates not

only to the deviation amount of the waferW with respect

to the 'reference surface (corresponding to the image
forming plane of the projection optical system) referred

to earlier of the multiple focal position detection system,

that is, to the problem of the shift amount of the slit im-

ages on the photodetection slit plate 98 and the photo-

sensors, but also relates in actual to the vibration range

of the slit images due to the vibration plate 88.

[0126] In either case described above, the reflection

light from the slit image.S60 is photo-detected at a pho-

todetection area positioned from the center position AC
of the tracking sensor D60 to the right, and the detection

signals are output to the signal processing unit 91 via

the sensor selection circuit 93. And in the manner de-

scribed earlier, the signal processing unit 91 measures
the deviation direction and the deviation amount be-

tween the photodetection position of the reflection light

from the slit image S60 and the center position AC, and
outputs the results to the main controller 28. The main

controller 28 then servo controls the substrate table 60
so that the reflection light from the slit image S60 is lo-

cated at the center position AC of the tracking sensor

D60, and arranges the Z position of the waferW in the

vicinity of the best focal position.

[01 27] When the Z position of the waferW is adjusted

in this manner, the slit images S^-S^ for detecting the

Z position are respectively re-formed on the correspond-

ing photosensors D-h - D55 . In this case, however, since

only the photosensors D 11( D15 ,
D22 ,

D24 , 033, D42 ,
D^,

D51 , and are selected, these photosensors respec-

tively output detection signals to the signal processing

unit 91 shown in Fig. 5. The signal processing unit 91

outputs focus signals corresponding to the respective

detection signals to the main controller 28. The main
controller 28 then measures the Z position of each
measurement point selected based on each focus sig-

nals, and based on these Z positions, for example, ob-

tains a virtual plane of an area on the waferW and con-

trols the Z position and the tilt with respect to the XY
plane of the substrate table 60 via the wafer driving unit

21 so that the shot areas on the waferW (coincides with

the exposure area Ef) coincide with the best focal posi-

tion. That is, in this manner, focus leveling control on the

wafer W is performed.

[0128] As is described, in the embodiment, the devi-

ation amount and the direction of deviation of the Z po-

sition of the waferW from the best focal position can be
simultaneously obtained, and even when the pitch shift

occurs, it is possible to swiftly arrange the wafer surface

in the vicinity of the best focal position.

[0129] Incidentally, by elongating the tracking sensors

D60, D70, D80, and D90 in the X-axis direction, the Z

0 636 A2 32

position of the waferW surface can be swiftly moved to

the vicinity of the best focal position, even when the po-

sitional shift of the reflection light from the slit images

311
- S15 becomes larger than the interval of photosen-

5 sons in the X-axis direction.

[0130] And. the main controller 28 opens the shutter

arranged within the illumination unit ILU and irradiates

the reticle R with the illumination light EL for exposure,

so as to transfer the pattern of the reticle R onto the first

10 shot of the wafer W.

[01 31 ] The main controller 28, then transfers the pat-

tern of the reticle R, while controlling the movement of

the Y stage 56 and X stage 58 and sequentially setting

the position of the shot area from the second shot on-

15 ward to the projection area of the reticle pattern. From
the second shot onward as well, likewise with the case
of the first shot, it is possible to perform focus leveling

control using the tracking sensor. However, since the

wafer surface almost coincides with the best focal posi-

20 tion when the first shot is exposed, in the case of per-

forming exposure from the second shot onward the

amount of deviation of the waferW surface from the best

focal position is not large. Accordingly, when exposure
is performed from the second shot and onward, the op-

25 eration of arranging the wafer surface in the vicinity of

the best focal position using the tracking sensors re-

ferred to above will not be necessary, and only focus

leveling control may be performed using the photosen-

sors above.

30 [01 32] Next, the case will be described when shot ar-

eas SA„, (m=1 ,2 ,
P) are formed on the wafer W, as

is shown in Fig. 7B. In this case, a part of the shot areas

SAm are the so-called chipped shots. And in this case,

the probability is high that the first shot will be selected

35 from the four chipped shot areas SA1t SA8 ,
SAk , and

SAp. When the shot area SA
1
is set as the first shot, the

main controller 28 sends instructions to the sensor se-

lection circuit 93 to select the tracking sensor D90,

based on the shot map data stored in memory in ad-

40 vance or according to instructions input by the operator.

Or, in the case when the shot area SAq is set as the first

shot, the main controller 28 similarly sends instructions

to the sensor selection circuit 93 to select the tracking

sensor D80. And, in the case when the shot area SAk is

45 set as the first shot, the main controller 28 similarly

sends instructions to the sensor selection circuit 93 to

select the tracking sensor D70. Finally, in the case when
the shot area SAp is set as the first shot, the main con-

troller 28 similarly sends instructions to the sensor se-

50 lection circuit 93 to select the tracking sensor D60. In

addition, in all cases, the main controller 28 sends in-

structions to the sensor selection circuit 93 to select the

photodetection sensor in accordance with the default

setting.

55 With this operation, the sensor selected by the

sensor selection circuit 93 from the tracking sensors

D60, D70, D80, and D90 is connected to the signal out-

put line O10 , and the photosensors D 11t D15 ,
D^, D24,
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D33, D42 ,
D44, D51 , and D55 are respectively connected

to the remaining nine signal output lines 0
1

- 09 .

[0133] Next, similar as above, the main controller 28

drives the X stage 58 and Y stage 56 via the wafer driv-

ing unit 21 based on the wafer alignment results, and

sets the position of the first shot on the waferW held by

the substrate table 60 to the projection position of the

reticle pattern. And in the same manner as is previously

described, the detection signals of the selected tracking

sensor (a predetermined sensor among the sensors

D60, D70, D80, and D90) are output to the signal

processing unit 91 via the sensor selection circuit 93.

The signal processing unit 91 , likewise as above, meas-

ures the deviation direction and the deviation amount of

the photodetection position of the reflection light from

the slit image corresponding to the selected tracking

sensor from the center position AC, and outputs the re-

sults to the main controller 28. The main controller 28

then servo controls the substrate table 60 so that the

reflection light from the slit image is located at the center

position AC of the selected tracking sensor, and arrang-

es the Z position of the waferW in the vicinity of the best

focal position.

[0134] Hereinafter, the same operation is performed

as when each exposure area on the waferW shown in

Fig. 7A is exposed. And, as is described, in this embod-
iment, it is possible to arrange the wafer surface in the

vicinity of the best focal position without any problems,

even if a chipped shot is set as the first shot on the wafer

W wherever the shot may be.

Fig. 8A shows a modified example of the pattern

forming plate within the irradiation system 74. On the

pattern forming plate 83' shown in Fig. 8A, besides the

aperture patterns - P55 and P60 - P90, an aperture

pattern P1 00 is formed in between the aperture pattern

P23 of the second row third column and the aperture pat-

tern P33 of the third row third column.

[0135] Fig. 8B shows the slit images formed within the

exposure area Ef on the waferW surface when the pat-

tern forming plate 83' shown in Fig. 8A is used. In this

case, other than the slit images S11 - S55 of the aperture

patterns P^ - P55 and the slit images S60 - S90 of the

aperture patterns P60 - P90, the slit image S1 00 of the

aperture pattern P1 00 is formed.

[0136] Fig. 8C shows a modified example of the pho-

todetection unit 90' arranged within the photodetection

system 76 corresponding to the pattern forming plate

83' in Fig. 8A. On the photodetection unit 90' shown in

Fig. 8C, instead of the tracking sensors D60 - D90 indi-

cated in Fig. 6C, tracking sensors D600 - D900 serving

as a second photodetection sensor having an arrange-

ment identical to the photosensors - D55 are ar-

ranged. Similar to the tracking sensors D60 - D90 in Fig.

6C, these tracking sensors D600 - D900 are used to de-

tect the "pitch shift", however these tracking sensors

D600 - D900 detect whether there is a "pitch shift" or not

by detecting whether the reflection light from the slit im-

ages S60 - S90 on the wafer W surface is incident on

the respective sensors, and only when the reflection

light from the slit images S60 - S90 is incident, output

detection signals. Furthermore, on the photodetection

unit 90' in Fig. 8C, a direction differentiation sensor

5 D1 00 is arranged in between the photosensors D21
- D25

of the second row and the photosensors D31
- of the

third row, as a sensor to photo-detect the reflection light

from the slit image S100. The direction differentiation

sensor D100 extends in the direction of the photosen-

10 sors of the same row, such as in the direction of the pho-

tosensors D21
- D25 arranged (the horizontal direction

in Fig. 8), and the length of the direction differentiation

sensor D100 is, for example, almost the same as the

interval between the photosensorD21 and the photosen-

15 sor D^. In addition, the direction differentiation sensor

D100 is divided into two portions; photodetection area

D1 00a and photodetection area D1 00b, with the center

point in the longitudinal direction as the border. When
the direction differentiation sensor D100 detects the re-

20 flection light from the slit image S100, it distinguishes

whether the waferW surface is deviated in the +Z direc-

tion or in the -Z direction with respect to the image form-

ing plane of the projection optical system PL. For exam-

ple, when the reflection light from the slit image S1 00 is

25 incident on the photodetection area D1 00a. the direction

differentiation sensor D1 00 outputs detection signals to

warn that the wafer W surface has deviated in the -Z

direction, and when the reflection light from the slit im-

age S1 00 is incident on the photodetection area D1 00b,

30 \t outputs detection signals to warn that the waferW sur-

face has deviated in the +Z direction.

[0137] In the case of using the pattern forming plate

83' in Fig. 8A and the photodetection unit 90* in Fig. 8C,

the main controller 28 adjusts the Z position of the wafer

35 w surface based on the output of the direction differen-

tiation sensor D1 00. and also checks whether the "pitch

shift" has occurred or not, based on whether or not a

detection signal from at least one sensor selected from

the tracking sensors D600 - D900 can be detected. Ac-

40 cordingly, the Z position of the waferW surface can be

swiftly moved to the vicinity of the best focal position so

that the reflection light from the slit images S n1 -S55 are

respectively incident on the corresponding photosen-

sors - Dsg. When the Z position of the waferW sur-

45 face moves to the vicinity of the best focal position, the

main controller 28 controls the Z drive (and the tilt with

respect to the XY plane) of the substrate table 60 based

on the detection signals from at least one photosensor

selected from the photosensors D in
- D^, and adjusts

50 the positional relationship between the waferW surface

and the best image forming plane of the projection op-

tical system PL. Similar to the earlier case when using

the pattern forming plate 83 and the photodetection unit

90, in the case of using the pattern forming plate 83' and

55 the photodetection unit 90* related to the modified ex-

amples in Fig. 8A and Fig. 8C the tracking sensor D600
- D900 may be partially selected and used, according to

the position of the shot area subject to exposure on the
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wafer W.

[0138] Next, the case will be described when mix-and-
match' with the scanning exposure apparatus is per-

formed, using the exposure system 100 in the embodi-
ment.

[0139]; In this case, a KrF scanner which exposure ar-

ea Ef is 25mm x 8mm and has a rectangular shot area
(divided area) SA' of the size 25mm x 33mm as is shown
in Fig. 9, is used as the scanning exposure apparatus.

This KrF scanner comprises a projection optical system
PL' which image field on the wafer side is circular with

a diameter of d=(82 + 252) 1/2 ?26.25mm. Fig. 9 indicates

that the exposure area Ef is to be scanned in the direc-

tion of the arrow SD, however, in actual, the exposure
area Ef is fixed, and the wafer W is scanned in the di-

rection opposite to the arrow SD.

[0140] In this case, as Is obvious from Fig. 3, the size

of the exposure area Ef of the exposure system 1 00 in

the embodiment coincides with the size of the shot area
SA' of the KrF scanner. Therefore, when mix-and-match
is performed, different from the conventional i-line step-

per, it becomes possible to perform the so-called 1 in 1

exposure. As a matter of course, in the mix-and-match,
the KrF scanner is used for exposure on a critical layer,

and for exposure on a middle layer which line and space
is 0.3jim and over or exposure on a non-critical layer

(rough layer) the exposure system 1 00 is used. With the
exposure system 100 in the embodiment, it is possible
to achieve a high throughput of 1 20 slices per hourwhen
exposing a 200mm wafer.

[0141] A series of processing operations performed
by the exposure apparatus 10 will be described next,

focusing on the flow chart in Fig. 10 which shows the
control algorithm of the main controller 28 (or the CPU,
to be more specific) and referring to other drawings
when necessary.

[0142] As a premise, a data table such as the one
shown in Fig. 11 is to be made in advance, and is to be
stored within the RAM of the main controller 28. A brief

description on the data table in Fig. 11 will now be made.
The minimum line width of the pattern subject to transfer

on exposure (hereinafter referred to as "minimum line

width subject to exposure0 as appropriate) 1 ,
implies to

the line width of the pattern image transferred on the
waferW which pattern is a pattern having the minimum
line width among the circuit patterns formed on the ret-

icle R, and is a value indicating the exposure accuracy
required. As is obvious from Fig. 1 1 , in the embodiment,
2 modes are prepared; a mode which the minimum line

width subject to exposure 1 is 0.3^m and over and less

than 0.7um (hereinafter referred to as "middle mode" for

convenience), and a mode which the minimum line

width subject to exposure 1 is 0.7um and over (herein-

after referred to as "rough mode" for convenience). And
for each mode, control factors related to the throughput
of the exposure system 100 are set, such as the X, Y
permissible values, the Z permissible value, the number
of screens for alignment measurement, the number of

sample shots.

[0143] In Fig. 1*1
, the X, Y permissible values are val-

ues for reference when judging the position setting set-

tlement (whether the position setting has been complet-
5 ed or not) of the X stage 58 (substrate table 60) and the

Y stage 56 on stepping operations between shots. The
X, Y permissible values imply to the values on both ends
that set the permissible range of positional error (err) in

the X-axis direction and Y-axis direction against the tar-

io get value (target position), or to the absolute value of

error (the case when the permissible maximum value of

the error on the plus side and minus side against the
target value is the same). The reason for setting the X,

Y permissible values by mode will now be explained with
15 reference to Fig. 12.

[0144] During the stepping operations of the X stage
58 andY stage 56 performed in between shots, the stag-

es move so that after acceleration -» constant move-
ment deceleration the stages move into a standstill

20 state, and the velocity change is almost in a trapezoidal

shape. Fig. 12 shows the temporal change of the posi-

tional error against the target value after deceleration

has been completed. As is shown in Fig. 12, on position

setting, the X stage 58 and Y stage 56 vibrate. Normally,
25 position setting is judged complete when the positional

error (err) against the target value falls within a prede-
termined permissible range. The permissible range, in

general, is set by standard deviation, that is, the RMS
value as a reference. And, as is obvious from Fig. 12,

30 when the permissible range of the positional error (err)

is set at the range indicated as B, the position setting is

judged complete earlier, as much as the time T1 , com-
pared with when the permissible range of the positional

error (err) is set at the range indicated as A, thus leading
35 to an improvement in throughput. Therefore, in this em-

bodiment, the X, Y permissible values are set by mode
from the aspect of improving the throughput while main-
taining the required exposure accuracy, by changing the
X, Y permissible values and accordingly the permissible

40 error range (refer to A, B in Fig. 1 2) set by these values,

depending on the minimum line width^subject to expo-
. sure 1 , or in other words, the required exposure accu-

racy.

[01 45] Referring back to Fig. 1 1 . the Z permissible val-

45 ue is the permissible value of defocus upon exposure.
That is, when the wafer W surface is made to coincide

with the image forming surface (target surface) of the
projection optical system PL based on the output of the

multiple focal position detection system (74, 76), the Z
50 permissible value implies to the values on both ends that

set the permissible range of positional error (err) of the

waferW surface related to the optical axis direction (Z-

axis direction) against the target surface, or to the ab-
solute value of error (the case when the permissible

55 maximum value of the error on the plus side and minus
side against the target surface is the same). For exam-
ple, in the case the minimum line width subject to expo-
sure I is fine and the required exposure accuracy is tight,
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the defocus amount allowed on exposure becomes ex-

tremely small. On the contrary, when the minimum line

width subject to exposure 1 is not so fine and in the case

the required exposure accuracy is moderate, the defo-

cus amount allowed on exposure hardly affects the ex-

posure accuracy even if it may be somewhat large. The
pre-focusing time of the focus depends on the Z permis-

sible value, therefore, the Z permissible value influences

the throughput of the exposure system 1 00.

[0146] In Fig. 11 , the number of screens for alignment

measurement is the number of screens of the images

picked up on alignment. FIA system sensors such as

the alignment system ALG picks up images of a plurality

of screens with respect to the same mark in order to de-

tect the mark position, based on the average value of

the image signals of the plurality of screens. So, by

changing the number of screens of the images picked

up, that is, by changing the number of screens formeas-
urement, the measurement accuracy can be improved

or reduced. The number of screens for measurement
influences the measurement time.

[01 47] In addition, the number of sample shots refers

to the number of sample shots on EGA, which is to be

performed prior to exposure of each layer from the sec-

ond layer onward as was previously described and dis-

closed in, Japanese Patent Laid Open No. 61 - 44429,

and the corresponding U.S. Patent No. 4,780,617, and
the like. Changing the number of sample shots means
to change the positional alignment accuracy between

the reticle and the wafer. Also, the number of sample

shots influences the measurement time. And, instead of

using the number of sample shots, the number of align-

ment marks to be detected by the EGA method on the

wafer may be used, or combined with the number of

sample shots.

[0148] The control algorithm in Fig. 1 0 starts, afterthe

minimum line width subject to exposure 1 is input and
various inputs for setting other exposure conditions are

completed via the input/output device 29 by the opera-

tor, when instructions to start is given.

[0149] First of all, in step 102, judgment on whether

the minimum line width subject to exposure 1 satisfies

the 0.3u.m^1<0.7um stored in the predetermined stor-

age area in the RAM or not. If , for example, the operator

had input 1=0.35uin as the minimum line width subject

to exposure 1 , then the judgment in step 102 results to

be affirmative, therefore, the flow proceeds to step 1 04.

[0150] In step 104, according to the data table in Fig.

11 previously described, the middle mode parameter is

selected. After this, the flow proceeds to step 110 and
the predetermined preparatory operations referred to

earlier such as the reticle alignment and the baseline

measurement, and the setting of the opening of the ret-

icle blind 32 in correspondence with the pattern area PA
are performed under the predetermined procedures.

[0151] In the next step 112, wafer exchange (merely

wafer loading, in the case no wafers are on the substrate

table 60) is performed using the wafer loader (notshown

in Figs.) and the delivery mechanism provided on the

substrate table 60 (not shown in Figs.).

[01 52] Next, in step 1 1 4, wafer alignment is performed

based on the EGA method as described above. Upon
5 the wafer alignment, positional measurement of the

alignment marks is performed, with the number of sam-

ple shots being 1 2 and the number of screens for meas-
urement when measuring each alignment mark provid-

ed on the sample shots being 5. And, based on the

10 measurement result, that is, based on the positional in-

formation of each alignment mark that uses the index

center of the alignment system ALG as a reference and

the positional information of the substrate table 60 when
measuring each alignment mark, the position of each

15 alignment mark of the stage coordinate system (X, Y) is

calculated. Then, based on this calculation result and

the designed arrangement coordinates of each shot ar-

ea on the wafer W, a predetermined statistical calcula-

tion using the least squares method is performed so as
20 to obtain the arrangement coordinates of each shot area

on the wafer W (the coordinates of the target position

on position setting).

[0153] In the next step 116, exposure based on the

step-and-repeat method is performed in the following

25 manner, and the pattern of the reticle R is sequentially

transferred onto each shot area on the wafer W.

[0154] That is, the first shot on the wafer W held by

the substrate table 60 is positioned to the projection po-

sition of the reticle pattern by driving the X stage 58 and
30 y stage 56 via the wafer driving unit 21 , based on the

wafer alignment results obtained in step 114. In this

case, the judgment on whether the position setting has

been completed or not, is made when the positional er-

ror (err) in the X-axis direction and Y-axis direction

35 against the target value falls within the range of ±0.1 \xm.

And almost simultaneously with the completion of this

position setting, the illumination light IL is irradiated on

the wafer W from the irradiation system 74 and focus

leveling control previously described is performed under
40 a predetermined procedure prior to exposure of the first

shot. Upon this operation, the Z driving and the tilt with

respect to the XY plane of the substrate table 60 are

controlled via the wafer driving unit 21 , so that the posi-

tional deviation of the first shot (coinciding with the ex-

45 posure area) on the wafer W from the target surface

which is the best focal position, in other words, the per-

missible amount of defocus, falls within the range of the

predetermined error (±0.1 urn). The focus leveling con-

trol, in this case, is performed after the position setting

50 of the waferW has been completed, however, the focus

leveling control may start before the position setting of

the waferW is completed, or at least the measurement
using the multiple focal position detection system may
begin during the stepping operations of the wafer.

55 [0155] Then, the shutter within the illumination unit

ILU is opened so that the exposure light EL irradiates

the reticle R, and the pattern of the reticle R is trans-

ferred onto the first shot on the wafer W.
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[0156]' After the first shot is completed, from the sec-

.

t
ond shot onward, the reticle pattern is transferred like-

wise as above while the position setting of the shot area

. to the projection area of the reticle pattern is sequentially

performed by driving and controlling the Y stage 56 and
X stage. 58. From the second shot onward as well, judg-

. merit'.on whether the position setting has been complet-

ed or hot is made when the positional error (err) in the

X-axis direction and Y-axis direction against the target

value falls within the range of ±0. 1 \um
y
and exposure be-

gins when the defocus on focus leveling control falls

within the range of the predetermined error (±0.1 ujm).

[0157] And, when exposure on the wafer W is com-
pleted in this manner, the flow proceeds to step 1 1 8 and
judges whether exposure on the planned slices of wa-
fers has been completed or not. When this Judgment
turns out to be negative, the flow then returns to step

112, and repeats the process and judgment indicated in

step 112 - step 118. Finally, when exposure of the

planned slices of wafer is completed, then the judgment
in step 118 is affirmed, and the series of operations in

this routine is completed.

[0158] Meanwhile, in the case the judgment in step

102 referred to earlier is negative, the flow then pro-

ceeds to step 1 06 and judges whether the minimum line

width subject to exposure 1 satisfies I ^ 0,7|im or not.

If, for example, the operator had input 1=0.8u.m or the

like as the minimum line width subject to exposure 1

,

then the judgment in step 1 06 results to be affirmative,

therefore, the flow proceeds to step 1 08.

[0159] In step 106, according to the data table in Fig.

11 previously described, the rough mode parameter is

selected. After this, the flow proceeds to step 110 and
the predetermined preparatory operations referred to

earlier are performed under the predetermined proce-

dures. Then, the process and judgment indicated in

steps 112-118 are repeatedly performed, until the judg-

ment in step 118 turns affirmative. In this case, in step

114, wafer alignment is performed based on the EGA
method as described above/ And on the wafer align-

ment, positional detection of the alignment marks is to

be performed with the number of sample shots being 3,

and the number of screens for measurement of the

alignment system ALG when measuring each alignment

mark provided on the sample shots being 1 . In addition,

instep 116, similarto the previous description, exposure
based on the step-and-repeat method is performed to

sequentially transfer the pattern of the reticle R onto

each shot area on the waferW. And, judgment on wheth-

er the position setting has been completed or not on the

stepping operation between shots is made when the po-

sitional error (err) in the X-axis direction and Y-axis di-

rection against the target value falls within the range of

±1 ujn. Also, focus leveling control performed prior to

exposure is performed with the permissible value of de-

focus falling within the range of the predetermined error

(±1um).

[01 60] Meanwhile, if, in the case the operator had in-

put 1=0.2ujti as the minimum line width subject to ex-

posure 1 , then the judgment in step 1 02 and the judg-

ment in step 106 are sequentially denied, and the flow

proceeds to step 120. In step 120, the line width input

5 abnormality is shown on the display of the input/output

device 29, and the end of procedure is forced. This is

because with the exposure apparatus 1 0, the limit of res-

olution is the line, width 0.3u,m, and finer patterns are not

assumed as patterns subject to exposure. Accordingly,

10 the cause of the line width input abnormality does not

matter, whether it is a mere input mistake by the operator
or whether the layer subject to exposure is actually a
critical layer having a minimum line width less than

0.3u.m.

*5 [0161] As is described, with the exposure apparatus

1 0 in this embodiment, the series of processes are per-

formed according to the flow chart in Fig. 10. Conse-
quently, in accordance with the required exposure ac-

curacy on exposure (in this embodiment, the exposure
20 accuracy is judged based on the minimum line width

subject to exposure 1 , as is previously described) the

following items are changed in the manner in the de-

scription that follows: a. the X, Y permissible values of

the substrate table 60, that is, the permissible value of

25 the positional error (err) against the target value when
judging the position setting settlement on the stepping

operation in between shots; b. the Z permissible value,

that is, the permissible value of defocus on focus lev-

eling control; c. the number of screens for alignment
30 measurement: and d. the number of sample shots on

EGA.

[0162] That is. when the middle mode is selected

where the required exposure accuracy is high and the

position setting of the substrate table 60 needs to be
35 performed with high precision, the main controller 28

sets small values for the X, Y permissible values, and
waits for a sufficient time to settle the position setting of

the substrate table 60 before going onto the next oper-

ation so that the exposure accuracy is high to the ut-

40 most. On the contrary, when the rough mode is selected

where the required exposure accuracy is not high and
the position setting of the substrate table 60 may be
rough, the main controller sets large values for the X, Y
permissible values, and shortens the position setting

45 settlement time. Thus, the throughput can be improved,

compared with when the X, Y permissible values were
set at constant values regardless of the exposure accu-

racy required.

[0163] In addition, in the case the.middle mode is se-

50 lected where the required exposure accuracy is high,

the permissible value of defocus upon exposure is set

at a small value accordingly, and in the case of the rough

mode where the required exposure accuracy is not that

tight, the permissible value of defocus is more or less

55 set loosely. As a consequence, compared with the

former case, the pre-focusing time becomes shorter in

the latter case, thus making it possible to reduce the ex-

posure processing time compared with when the per-

21



41 EP1 170 636 A2 42

missible value of defocus is set constant regardless of

the exposure accuracy required. In this case, the expo-

sure accuracy can be sufficiently maintained.

[0164] Also, when the middle mode is selected where

the required exposure accuracy is high, the main con-

troller28 increases the number of sample shots on EGA,

and when the rough mode is selected where the re-

quired exposure accuracy is not so tight, decreases the

number of sample shots on EGA. As a result, the

throughput can be improved, compared with when using

the same number of sample shots regardless of the ex-

posure accuracy required. And, the exposure accuracy

can also be sufficiently maintained.

[0165] Furthermore, when the middle mode is select-

ed where the required exposure accuracy is high, the

main controller 28 increases the number of screens for

alignment measurement, whereas, when the rough

mode is selected where the required exposure accuracy

is not so tight, decreases the number of screens for

alignment measurement. As a result, the throughput can

be improved due to the reduction in alignment time,

compared with when using the same number of screens

for alignment measurement regardless of the exposure

accuracy required. And, the exposure accuracy can also

be sufficiently maintained.

[01 66] As is obvious from the description so far, in this

embodiment, the surface position adjustment unit is

structured Including: the multiple focal position detection

system made up of the irradiation system 74 and the

photodetection system 76 (including the photosensors

- D55) the tracking sensors D60, D70, D80, and D90
or the tracking sensors D600, D700, D800, and D900,

and the direction differentiation sensor D100, and the

like); the substrate table 60; the wafer driving unit 21;

and the main controller 28, and the like.

[01 67] As is described in detail, the exposure appara-

tus 1 0 in this embodiment comprises a projection optical

system PL that has an image field large enough to ex-

pose, for example, a shot area (divided area) on the wa-

fer of a KrF scanner in one shot by projecting ttie expo-

sure light EL emitted from the reticle R on the wafer W
in a state when the reticle R and wafer W are almost

stationary. Therefore, on performing the mix-and-match

previously described, shot areas on which exposure can

be completed in one shot with the scanning exposure

apparatus such as the KrF scanner, can be exposed in

one shot. Accordingly, by the 1 in 1 exposure, the max-

imum range where the scanning exposure apparatus is

capable of exposing can be set as the shot area, and

thus the capability of the scanning exposure apparatus

can be exhibited to the full. In addition, since the shot

center is the same in the scanning exposure apparatus

and the exposure apparatus 10, it is possible to sup-*

press residual errors such as shot rotation or shot mag-

nification due to overlay to the utmost.

[0168] Accordingly, in the case the lithographic proc-

ess to manufacture a device such as a semiconductor

includes an exposure process that uses a scanning ex-

posure apparatus, by employing the mix-and-match

with the exposure apparatus 1 0 in this embodiment, ex-

posure with high accuracy and high throughput can be

achieved.

5 [0169] In addition, with the exposure apparatus 1 0 in

this embodiment, since the main controller 28 changes

various throughput control factors such as the items a.

- d. described above in the manner above according to

the minimum line width subject to exposure 1 (required

10 exposure accuracy), when exposure is performed on

the same wafer the throughput can be obviously im-

proved compared with when the exposure system 100

is controlled based on the same throughput control fac-

tors at all times. Meanwhile, since the throughput control

15 factor is changed to a state where priority is put on

throughput only in the case when the required exposure

accuracy is not so high, in other words, when reduction

in exposure accuracy is allowed to some extent, as a

consequence, the exposure accuracy can be main-

20 tained at a sufficient accuracy level.

[0170] In the embodiment above, the case has been

described when the main controller 28 changes the four

throughput control factors; a. the X, Y permissible val-

ues of the substrate table 60, b. the Z permissible value,

25 c. the number of screens for alignment measurement,

and d. the number of sample shots on EGA in accord-

ance with the minimum line width subject to exposure

1 . The present invention, however, is not limited to this,

and any one, any two, or any three of the Items a. - d.

30 may be changed according to the minimum line width

subject to exposure. In such a case, the throughput can

be improved. As a matter of course, high exposure ac-

curacy can be maintained on exposure accuracy.

[0171] In addition, instead of, or in addition to the

35 throughput control factors that has been described so

far, the main controller 28 may change the following

throughput control factors in accordance with the mini-

mum line width subject to exposure I: e. the permissible

value of the physical quantity related to the position set-

40 ting accuracy of the substrate table 60; f . the time until

the position setting of the substrate table 60 is judged

complete; g. the permissible value of heat quantity

stored in the projection optical system PL due to the ir-

radiation of the exposure light EL (the so-called E value

45 limit); h. the permissible value of vibration quantity ofthe

substrate table 60 during exposure; i. the permissible

error of the exposure amount provided on the wafer; j.

the physical quantity related to the alignment measure-

ment accuracy of the wafer; and k. the on/off of auto-

50 matic focusing on alignment measurement, and the like.

[0172] Item e. - the permissible value of the physical

quantity related to the position setting accuracy of the

substrate table 60 - can include at least either the max-

imum permissible velocity or the maximum permissible

55 acceleration on the stepping operation in between

shots, besides the item a. previously described. For ex-

ample, when the rough mode is selected, by increasing

either the maximum permissible velocity (the stepping
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velocity)' or the maximum permissible acceleration on

the stepping operation in between shots from the values

of the middle mode, the stepping time in between shots

can be reduced, thus the time required for exposure

processing on the waferW (exposure processing time)

can be reduced. However, when the stepping velocity

increases, the absolute value of the acceleration/decel-

eration velocity normally increases since the stepping is

performed at a higher speed in a limited distance (dis-
.

tance between shots). In this case, by changing the per-

missible value of positional error (err) against the target

value to judge the settlement of position setting so as to

match the increase in stepping velocity, it is possible to

reduce the stepping time on exposure without increas-

ing the position setting settlement time. This, however,

does not necessarily have to be done, and the same
permissible value of positional error (err) against the tar-

get value to judge the settlement of position setting may
be used at all times if the velocity and acceleration/ de-

celeration velocity (moving state) during the stepping

operations of the substrate table 60 is changed in an

extent so that the total throughput increases, in consid-

eration of the exposure processing time reduced due to

the improvement in the stepping velocity and the in-

crease in the position setting settlement time.

[0173] In addition, item f. the time until the position

setting of the substrate table 60 is judged complete, re-

ferred to above, refers to a predetermined time t. This

predetermined time t is the time required until the state

of the positional error (err) falls within the predetermined

range. At this point, the position setting may be judged

complete. When the rough mode is selected, the prede-

termined time t can be reduced, compared with the case

when the middle mode is selected.

[0174] Also, the so-called E value limit in item g.

above is included in the throughput control factorfor the

following reason. The image forming characteristics of

the projection optical system PL changes due to the heat

quantity stored in the system when it absorbs the illumi-

nation light, however the permissible range of the

change in the image forming characteristics differs de-

pending on the exposure accuracy required. In this

case, when the heat quantity is stored to a level exceed-

ing the permissible level, exposure has to be suspended

so as to cool off the projection optical system. Thus,

changing the E value limit affects the throughput. That

is, when the rough mode is selected, the permissible

range of the change in the image forming characteristics

can be set larger than when the middle mode is select-

ed, so the permissible value of the heat quantity stored

in the projection optical system becomes larger.

[0175] And, the item h. the permissible value of vibra-

tion quantity of the substrate table 60 during exposure

is included in the throughput control factor for the follow-

ing reason. There is a fixed relationship between the

minimum line width subject to exposure 1 and the stage

vibration within the XY plane permissible during expo-

sure. In general, when the minimum line width subject

to exposure is fine, the stage vibration on exposure has

to be small, or it will affect the exposure. On the contrary,

when the minimum line width subject to exposure is not

so fine, even if vibration may more or less occur upon

s exposure, it does not have an adverse effect on the ex-

posure. In the latter case, by starting the next operation

in a state before the vibration accompanying the move-

ment of the substrate table has ceased completely, the

total processing time can be reduced. That is, when the

10 rough mode is selected, the permissible value of the vi-

bration quantity of the substrate table 60 can be set larg-

er than the middle mode.

[0176] In addition, item i. the permissible error of the

exposure amount provided on the wafer is included in

15 the throughput control factor for the following reason,

although there are questions especially when the light

source is a pulse light source since the energy per pulse

fluctuates in this case. That is, the permissible error of

the exposure amount provided on the wafer differs de-

20 pending on the minimum line width subject to exposure,

and the error of the exposure amount can be changed

by changing at least either the number of the pulse emit-

ted from the light source on exposure and irradiated on

the waferW or the repetition frequency (emitting cycle).

25 in the case of using a pulse light source, since there is

an energy fluctuation per pulse, the control accuracy of

the exposure amount improves the more the number of

the pulse irradiated on the wafer increases. On the other

hand, when the number of the pulse irradiated on the

30 wafer is reduced, the exposure amount control accuracy

also is reduced, while the throughput is improved. Ac-

cordingly, if the target exposure amount is the same, in

the case the rough mode is selected the number of the

pulse irradiated on the wafer is decreased, compared
35 with the case when the middle mode is selected. In ad-

dition, if the number of the pulse irradiated on the wafer

is the same, then by increasing the repetition frequency,

the time required for exposure can be reduced. Thus, in

the case the rough mode is selected the repetition fre-

40 quency of the pulse emission of the light source is to be

higher than when the middle mode is selected.

[0177] Also, item j. the physicafquantity related to the

alignment measurement accuracy of the wafer, can in-

clude at least either the selection of sample shot on EGA
^5 measurement, that is, the measurement time of the

alignment marks, or the quantity related to the selection

of alignment marks to be measured. Changing the

measurement time of the alignment marks is not limited

to the method of changing item c. the number of screens

50 for alignment measurement In addition, as the quantity

related to the selection of alignment marks, besides item

d. the number of sample shots, it also includes deter-

mining the range of the shot areas on the selection

range of the sample shots, within what range of the ra-

55 dius the shot areas should be with the wafercenter serv-

ing as the radius center. If the range of the selection of

the sample shots is small, the positional error of each

shot set by the EGA measurement may be large, how-
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ever, the movement time of the wafer for mark meas-

urement is reduced so the time required for EGA meas-

urement can be shortened. Therefore, when the rough

mode is selected, the range of the selection of the sam-

ple shots is set smaller compared with when the middle

mode is selected. The physical quantity of the item j;

described above, may include the number of alignment

marks on the wafer that is to be detected by the EGA
measurement, such as the quantity related to the align-

ment mark numbers to be detected per each sample

shot.

[0178] In addition, item k. the on/off of automatic fo-

cusing on alignment measurement, is included in the

throughput control factor for the following reason. Nor-

mally, in many cases a focus detection system (a focal

point detection system) is incorporated in the alignment

system ALG such as the FIA system. In this case, when
the automatic focusing of the wafer is performed on

alignment mark detection with the focus detection sys-

tem turned on, this itself improves the measurement ac-

curacy of the alignment marks, however, the total time

required for measurement increases. Thus, the on/off of

the automatic focusing upon alignment measurement
influences the throughput. So, the on/off may be

switched depending on the required exposure accuracy,

or in other words, the minimum tine width subject to ex-

posure. That is, when the rough mode is selected, the

automatic focusing is to be turned "off", whereas in the

middle mode, it is to be turned "on".

[0179] Also, the throughput can be improved, when
the interval between various calibrations of the target

surface of the focal position detection system or the

baseline (the positional relationship between the pattern

projection position of the projection optical system PL

and the detection center of the alignment system ALG)
or the like is longer when the rough mode is selected,

compared with when the middle mode is selected.

[0180] In the embodiment above, the case has been

described where the main controller 28 changes the

throughput control factors on its own judgment, based

on the value of the minimum line width subject to expo-

sure 1 input by the operator. The present invention, how-

ever, is not limited to this. For example, the parameter

values related to the control factors used upon exposure

may be individually set in the process program file,

which is a file containing various parameters set in order

to control the exposure system. In such a case, the op-

erator individually sets various parameter values in the

process program file in advance, and the control system

controls the exposure system according to the process

program file so that the control factors are changed on

exposure in accordance with the minimum line width

subjectto exposure. Accordingly, a simple change in the

conventional process program file is sufficient enough,

and a new complicated exposure process program

(software) including a judgment program does not have

to be made.

[01 81 ] Furthermore, the exposure system may be ar-

ranged so that the operator can manually select be-

tween the middle mode and rough mode. Or, the control

system may pick up the information of the reticle R used

for exposure during carnage with a bar-code reader or

5 the like, and based on the information collected the con-

trol system may automatically judge the minimum line

width subject to exposure.

[0182] In addition, as is disclosed in, for example. Jap-

anese Patent Laid Open No. 07-122473, and the corre-

10 sponding U.S. Application No. 569,400 (application

filed: December 8. 1995), in some cases the alignment

method of obtaining the magnification, rotation, and the

like of the reticle via the projection optical system using

a method similar to EGA on the reticle (mask) side is

15 employed. And according to the minimum line width of

the pattern subject to exposure, the number of the sam-

ple shots on the EGA may be changed so that the rela-

tive alignment accuracy between the mask and the sub-

strate is changed. The disclosures cited above are fully

20 incorporated herein by reference.

[0183] Also, on a surface of the glass substrate used

as the reticle R in the exposure apparatus 1 0 in this em-

bodiment, other than the circuit pattern it also includes

the reticle alignment marks Rxy1-Rxy14 for the scan-

ts ning exposure apparatus and the pair of reticle align-

ment marks Rx1y and Rx28 normally used by the static

type exposure apparatus. Therefore, when, for exam-

ple, mix-and-match is performed, it is possible to use

the reticle R in both the scanning exposure apparatus

30 and the static type exposure apparatus. And, in the case

of using the reticle R in the exposure apparatus 10 in

this embodiment, since the pair of reticle alignment mi-

croscopes RA1 and RA2 is movable in the X-axis direc-

tion, it is possible to perform reticle alignment using the

35 pair of reticle alignment marks Rxy1 3 and Rxy1 4 located

in the center position along the Y-axis direction, among
the provided reticle alignment marks Rxy1 - Rxyl4. Fur-

ther, with the exposure apparatus 10 in this embodi-

ment, since the pair of reticle alignment microscopes

40 RA1 and RA2 is movable in the X-axis direction, it is

possible to perform reticle alignment without any prob-

lems even when using a reticle (on which only reticle

alignment marks for scanning exposure apparatus are

formed) used in the scanning exposure apparatus.

45 [0184] In addition, on the reticle R, measurement pat-

terns MPMa1f MPMb 1( MPMa2 .
MPMb2 .

MPMc^
MPMc2 ,

MPMdv andMPMd2 are provided that are used

for aerial image measurement on measuring the image

forming characteristics of the projection optical system
50 PL with the aerial image measurement unit based on

the slit-and-scan method. Therefore, in the case of using

the reticle R, it is not necessary to prepare a measure-

ment reticle (test reticle) used solely for aerial image

measurement on which measurement patterns are

55 formed. Naturally, on aerial image measurement, it is

necessary to change the position and size of the open-

ing of the reticle blind 32 so that the only the periphery

of each measurement pattern is illuminated with the ex-

-T"~' : ? -
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posure light EL.

[0185] . Further, with the exposure apparatus in this

embodiment, the irradiation system 74 structuring the

focal position detection system (74, 76) forms the slit

images S60, S70, S80, and S90 (the second irradiation

pointy for following the 2-position, each image formed

close to the four corners of the projection area (exposure

area) Ef on the wafer W. where the circuit pattern within

the pattern area PA of the reticle R is projected. Also, in

the exposure apparatus, tracking sensors D60, D70,

D80, and D90 (or D600, D700, D800, and D900) are

arranged that are capable of individually photo-detect-

ing the reflection light (slit image light) from each second
irradiation point. Therefore, even if a part of the rectan-

gular shape of the projection area is chipped, that is,

even if the shot area subject to exposure is a chipped

shot, at least one of the second irradiation points (one

of the slit images S60, S70, S80, and S90) can be
formed on the wafer W (shot area), and based on the

output of the tracking sensor corresponding to the re-

flection light the main controller 28 moves the substrate

table 60 and is able to arrange the waferW held on the

substrate table 60 in the vicinity of the best image form-

ing plane of the projection optical system PL. Then, after

the waferW is arranged in the vicinity of the best image
forming plane of the projection optical system PL, light

from a plurality of the first irradiation points (slit images
S11

"s5s) is individually received by the corresponding

photosensors D 11-D15 . And, the main controller 28
drives and controls the substrate table in the optical axis

direction so that the wafer W surface almost coincides

with the best image forming plane of the projection op-

tical system PL, based on the deviation signals from the

selected photosensors. In this manner, even if the shot

area subject to exposure is the so-called chipped shot,

it is possible to swiftly adjust the positional deviation of

the wafer W in the optical axis direction, and the wafer

surface can be swiftly made to coincide with the best

image forming plane of the projection optical system PL.

[0186] Accordingly, with the exposure apparatus/! 0 in

this embodiment, arranging the so-called chipped shot

on the wafer W does not cause any problems. There-

fore, not only the arrangement of shot areas shown in

Fig. 7A described earlier, but also the arrangement of

shot areas shown in Fig. 7B becomes possible. As is

obvious when comparing Fig. 7A and Fig. 7B. the area

utility efficiency of the wafer can be improved, as well

as increase the degree of freedom when arranging the

shot area on the wafer.

[0187] In addition, in this embodiment, since the sec-

ond irradiation point is formed one by one in the vicinity

of the four comers within the projection area Ef, and
tracking sensors are individually arranged correspond-

ing to each second irradiation point, shot areas (includ-

ing the chipped shots) of any position may be set (se-

lected) as the first shot for exposure without any prob-

lems. Therefore, the degree of freedom can be in-

creased when setting (selecting) the exposure se-
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quence of the shot areas.

[0188] The present invention, however, is not limited

to this, and only one tracking sensor needs to be ar-

ranged, and the slit image (the second irradiation point)

5 corresponding to the tracking sensor may be formed in

the vicinity of one corner on the projection area of the

reticle pattern on the wafer W. Even in such a case, by

selecting a shot area at an appropriate position on the

waferW as the first shot, the positional deviation of the

1Q wafer W in the optical axis direction can be swiftly ad-

justed even if the shot area is the so-called chipped shot.

[01 89] Or, a plurality of slit images for Z following (the

second irradiation point) may be respectively formed in

the four corners of the projection area of the reticle pat-

15 tern on the wafer, and tracking sensors that individually

receive the reflection light from these slit images may
be arranged corresponding to the number of the second
irradiation points. In this case, as is shown in Fig. 13,

the projection area Ef can be divided into four rectangu-

20 |ar areas Ef 1 - Ef4 along the XY two-dimensional direc-

tion, and each divided area Efi (i=1
, 2, 3, 4) can be di-

vided into two along a diagonal line so as to make two

triangular shaped areas. And. each second irradiation

point can be arranged in the triangular shaped area lo-

ss cated on the outer side (the slanted line portion in Fig.

13).

[0190] In addition, in the embodiment above, the case

has been described where the tracking sensor to be
used is selected from the four tracking sensors in ac-

30 cordance with the position of the first shot on the wafer.

This, no more, no less, means that the suitable tracking

sensor is selected according to the shape of the shot,

when the projection area Ef on the wafer where the ret-

icle pattern is projected by the projection optical system
35 PL is a chipped shot with a part of its rectangular shape

chipped. Accordingly, in the case a plurality of slit imag-

es for Z following (the second irradiation point) is respec-

tively formed in the four corners of the projection area

of the reticle pattern on the wafer, and tracking sensors

40. that individually receive the reflection light from these

slit images are arranged corresponding to the number
of the second irradiation points as is described above,

the tracking sensors to be used may be selected de-

pending on the size of the shot area. Or, if a plurality of

45 tracking sensors is arranged, the tracking sensor does

not necessarily have to be selectable.

[0191] Likewise, in the embodiment above, the case

has been described where any photosensor can be se-

lected from a plurality of photosensors - D55 . The
50 present invention, however, is not limited to this, and the

photosensors may all be used at the same time.

[0192] Also, in the embodiment above, when the wa-

ferW surface is arranged in the vicinity of the best image

forming plane of the projection optical system PL, the

55 selected tracking sensors may be used for focus lev-

eling control, together with the selected photosensors

from the photosensors D11
- D^. This is because when

the waferW surface is arranged in the vicinity of the best

25



49 EP1 170 636 A2 50

image forming plane of the projection optical system PL,

the tracking sensors D60 -D90 substantially output sig-

nals corresponding to the deviation amount of the wafer

W surface with respect to the predetermined reference

surface in the optical axis direction as the detection sig-

nals, and as the tracking sensors D600 - D900 sensors

similar to the photosensors - D55 are used. In addi-

tion, in the embodiment above, the software may be

made to perform the selection of the photosensors or

the tracking sensors.

[0193] Incidentally, in the embodiment above, the size

of the shot area (divided area) in the scanning exposure

apparatus used in the mix-and-match was to be 25mm
x 33mm in a rectangular shape. The size, however, is

not limited to this, and may be 26mm x 33 in a rectan-

gular shape. In this case, as is with the embodiment

above, the 6-inch size reticle can be used, with the pro-

jection magnification of the projection optical system PL

being 1/4.

[0194] Or, the size of the shot area (divided area) in

the scanning exposure apparatus can be 22mm x 26mm
having a rectangular shape. In this case, the 6-inch size

reticle can be used, with the projection magnification of

the projection optical system PL being 1/5.

[0195] In these cases, similar to the embodiment

above, as the projection optical system of the static type

exposure apparatus, a projection optical system which

image field (wafer side) has a diameter where a shot

area of the scanning exposure apparatus is almost in-

scribed, may be used. That is, when the divided area in

the scanning exposure apparatus is a rectangular shape

of the size (amm x bmm), as the projection optical sys-

tem of the static type exposure apparatus, a system hav-

ing a circular image field with a diameter D=(a2 + b2)
1/2

may be used.

[0196] In the embodiment above, the case has been

described when the light source is made up of a mercury

lamp, a KrF excimer laser, an ArF excimer laser, or the

like. The present invention, however, is not limited to

this, and a harmonic may be used, which is obtained by

amplifying a single-wavelength laser beam in the infra-

red or visible range emitted by a DFB semiconductor

laser or a fiber laser with a fiber amplifier doped with,

for example, erbium (Er) (or both erbium and ytteribium

(Yb)) and converting its wavelength into ultraviolet light

using a nonlinear optical crystal.

[0197] The present invention, can also be suitably ap-

plied to not only the exposure apparatus used for man-

ufacturing a semiconductor device, but also to an expo-

sure apparatus used to transfer a device pattern onto a

glass plate when manufacturing a display including a liq-

uid crystal display device, an exposure apparatus used

to transfer a device pattern onto a ceramic wafer when

manufacturing a thin-film magnetic head, and to an ex-

posure apparatus used when manufacturing a pick-up

device (such as a CCD), a DNA chip, a mask or a reticle,

and the like.

[01 98] The exposure apparatus 1 0 in the embodiment

above related to the present invention can be made by

incorporating the illumination optical system made up of

a plurality of lenses and the projection optical system

into the main body of the exposure apparatus and per-

s forming optical adjustment, while incorporating the reti-

cle stage RST made up of various mechanical compo-

nents, the X stage 58, the Y stage 56, and the stage unit

42 consisting of the substrate table 60 and the like into

the main body of the exposure apparatus, connecting

10 the wiring and piping, and furthermore, performing total

adjustment (electrical adjustment, operational adjust-

ment). The exposure apparatus is preferably made in a

clean room in which temperature, degree of cleanliness,

and the like are controlled. - Device Manufacturing

15 Method

[0199] A device manufacturing method using the ex-

posure apparatus 10 in the embodiment above in a lith-

ographic process will be described next.

[0200] Fig. 1 4 is a flow chart showing an example of

20 manufacturing a device (a semiconductor chip such as

an IC or LSI, a liquid crystal panel, a CCD, a thin mag-

netic head, a micromachine, or the like). As shown in

Fig. 14, in step 201 (design step), function/performance

is designed for a device (e.g., circuit design for a semi-

25 conductor device) and a pattern to implement the func-

tion is designed. In step 202 (mask manufacturing step),

a mask on which the designed circuit pattern is formed

is manufactured. In step 203 (wafer manufacturing

step), a wafer is manufacturing by using a silicon mate-

30 rial or the like.

[0201] Next, in step 204 (wafer processing step), an

actual circuit and the like is formed on the wafer by li-

thography or the like using the mask and wafer prepared

in steps 201 to 203. as will be described later. In step

35 205 (device assembly step), a device is assembled us-

ing the wafer processed in step 204. In step 205, proc-

esses such as dicing, bonding, and packaging (chip en-

capsulation) are included, depending on the require-

ments.

40 [0202] Finally, in step 206 (inspection step), a test on

the operation of the device, durability test, and the like

are performed. After these steps, the device is complet-

ed and shipped out.

[0203] Fig. 1 5 is a flow chart showing a detailed ex-

45 ample of step 204 described above in manufacturing the

semiconductor device. Referring to Fig. 15, in step 211

(oxidation step), the surface of the wafer is oxidized. In

step 212 (CVD step), an insulating film is formed on the

wafer surface. In step 213 (electrode formation step),

so an electrode is formed on the wafer by vapor deposition.

In step 214 (ion implantation step), ions are implanted

into the wafer. Steps 211 to 214 described above con-

stitute a pre-process forthe respective steps in the wafer

process and are selectively executed in accordance

55 with the processing required in the respective steps.

[0204] When the above pre-process is completed in

the respective steps in the wafer process, a post-proc-

ess is executed as follows. In this post-process, first, in

26
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step 21 5 (resist formation step), the wafer is coated with

a photosensitive agent. Next, in step 216 (exposure

step), the circuit pattern on the mask is transferred onto

the wafer by the exposure apparatus 10 described

above and other exposure apparatus. Then, in step 217
(development step) the exposed wafer is developed.

And, in step 21 8 (etching step), an exposed member on
a portion other than the portion where the resist is left

is removed by etching. Finally, in step 21 9 (resist remov-

ing step), the unnecessary resist remaining after the

etching is completed is removed,

By repeatedly performing these pre-process and
post-process steps, multiple circuit patterns are formed
on the wafer.

[0205] By using the device manufacturing method de-

scribed so far in this embodiment, the exposure appa-
ratus 10 described in the embodiment above is to be
used in the exposure process (step 21 6). Therefore, ex-

posure is performed with the throughput improved, while

maintaining sufficient exposure accuracy. Especially in

the case when an exposure process using a scanning
exposure apparatus is included in the lithographic proc-

ess to manufacture a device such as a semiconductor
device, by employing the mix-and-match with the expo-

sure apparatus 1 0 described in the embodiment above,

high precision and high throughput can be achieved. Ac-
cordingly, the productivity of the microdevice having a
fine pattern can be improved by improving the through-

put, without reducing its yield.

[0206] While the above-described embodiments of

the present invention are the presently preferred em-
bodiments thereof, those skilled in the art of lithography

systems will readily recognize that numerous additions,

modifications, and substitutions may be made to the

above-described embodiments without departing from
the spirit and scope thereof. It is intended that all such
modifications, additions, and substitutions fall within the

scope of the present invention, which is best defined by
the claims appended below.

Claims

1 . An exposure apparatus arranged to expose a sub-

strate via a mask with an energy beam in a state

where said mask and said substrate are stationary,

said exposure apparatus comprising an exposure
system which includes:

a projection optical system having an image
field large enough so that a divided area on said

substrate exposed in one time with a scanning
exposure apparatus can be exposed in one
shot by projecting said energy beam outgoing

from said mask onto said substrate; and
a substrate stage on which said substrate is

mounted.

2. Apparatus as claimed in Claim 1 , wherein the said

divided area has a rectangular shape with a size

which is one of (25mm x 33mm) or (26mmx 33mm).

Apparatus as claimed in Claim 1 or 2, wherein said

mask is 6-inch (1 4.7 cm) in size, and said projection

optical system has a projection magnification of 1/4.

Apparatus as claimed in Claim 1 , wherein said one
divided area exposed with said scanning exposure
apparatus has a rectangular shape with a size of

(22mm x 26mm).

The exposure apparatus according to Claim 4,

wherein said mask is 6-inch (14.7 cm) in size, and
said projection optical system has a projection mag-
nification of 1/5.

6. Apparatus as claimed in any one of Claims 1 to 5,

wherein said image field has a circular shape with

a diameter in which said divided area of the scan-
ning exposure apparatus is almost inscribed.

7. Apparatus as claimed in any one of Claims 1 to 6,

wherein said projection optical system is arranged

to be capable of resolving a pattern having a line

width of 0.35nm on said substrate.

8. Apparatus as claimed in any one of Claims 1 to 7.

30 and further including a control system arranged for

total control of said exposure system and arranged
to change a control factor of said exposure system
related to throughput in accordance with a minimum
line width of a pattern subject to transfer.

35

9. Apparatus as claimed in Claim 8, wherein the said

control factor subject to said change includes at

least one of:

40 a permissible value of a physical quantity relat-

ed to a position setting accuracy of said sub-

strate stage;

time until position setting of said substrate

stage is judged complete;
45 a permissible value of error from a target sur-

face of a surface of said substrate with respect

to an optical axis direction of said projection op-

tical system;

a permissible value of heat quantity stored in

50 said projection optical system due to irradiation

of said energy beam;
a permissible value of vibration quantity of said

substrate stage during exposure:

55 a permissible error of an exposure amount
provided on said substrate;

a physical quantity related to an alignment

measurement accuracy of said substrate;

4.

10

5.

15
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or

an on/off of automatic focusing on align-

ment measurement.

10. Apparatus as claimed in Claim 9, wherein said per-

missible value of said physical quantity related to a

position setting accuracy of said substrate stage In-

cludes at least one of a permissible error from a po-

sition setting target value, a maximum permissible

velocity, or a maximum permissible acceleration.

11. Apparatus as claimed in Claim 9, wherein said

physical quantity related to an alignment measure-

ment accuracy of said substrate includes at least

one of a quantity related to selection on selecting

alignment marks for alignment measurement from

a plurality of alignment marks on said substrate or

a measurement time of said alignment mark.

1 2. Apparatus as claimed in Claim 8, 9, 1 0 or 1 1 , where-

in said control system changes said control factor

in 2 stages, in the case when said minimum line

width is less than 0.7^.m and in the case when said

minimum line width is equal to and over 0.7|im.

13. A device manufacturing method including a litho-

graphic process, wherein exposure is performed

using exposure apparatus as claimed in any one of

Claims 1 to 12, in said lithographic process.

14. A surface position adjustment unit arranged to

make a surface of a second object almost coincide

with an image plane of a projection optical system

which projects a pattern formed on a first object,

said unit comprising:

an irradiation system arranged to form a plural-

ity of first irradiation points within a projection

area of said pattern with said projection optical

system by irradiating first lights from an oblique

direction with respect to said second object,

and also forms a second irradiation point in a

vicinity of at least one comer of said projection

area by irradiating a second light from an ob-

lique direction on said second object;

a first photodetection sensor capable of individ-

ually detecting light reflected from each of said

first irradiation points photo-electrically, and of

outputting a deviation signal corresponding to

a deviation amount of said surface of said sec-

ond object with respect to a predetermined ref-

erence surface related to an optical direction of

said projection optical system at said each of

said first irradiation points;

a second photodetection sensor capable of

photo-electrically detecting reflected light of

said second light from said second object;

a stage arranged to hold said second object

and to be driven in at least said optical direction;

and

a driving unit arranged to drive said stage in

said optical axis direction based on an output

5 of said second photodetection sensor to ar-

range said surface of said second object in a

vicinity of a best image forming plane of said

projection optical system, and to drive said

stage in said optical axis direction based on

10 said output of said first photodetection sensor

at each of said points to make said surface of

said second object almost coincide with said

best image forming plane of said projection op-

tical system.

15

15. A unit as claimed in Claim 1 4, wherein at least one

of said second irradiation point is arranged respec-

tively in a vicinity of four corners of said projection

area, and said second photodetection sensor is in-

20 dividually arranged corresponding to each of said

second irradiation points.

16. A unit as claimed in Claim 15, wherein selection of

a second photodetection sensor to be used can be

25 made from at least four second photodetection sen-

sors corresponding to said second irradiation

points.

17. A unit as claimed in Claim 15 or 16, wherein said

30 each of said second irradiation points is arranged

within an area located on an outer side of two trian-

gular shaped areas, when said projection area is

divided into four rectangular areas along a two di-

mensional direction perpendicular to said optical

35 axis and each of said rectangular areas is diagonal-

ly divided into two in said two triangular shaped ar-

eas.

1 8. A u nit as claimed in Claim 1 4, 1 5 or 1 7, wherein said

40 second photodetection sensor functions as a track-

ing sensor and an output of said second photode-

tection sensor includes whether there actually is a

detection signal to be detected.

45 19. A unit as claimed in any one of Claims 14 to 18,

wherein a selection of a first photodetection sensor

to be used can be made arbitrarily from said plurality

of first photodetection sensors.

so 20. A unit as claimed in any one of Claims 14 to 19,

wherein said driving unit uses both outputs of said

first photodetection sensor and said second photo-

detection sensor when said surface of said second

object is in said vicinity of said best image forming

55 plane of said projection optical system.

21. An exposure apparatus comprising:

i

40

28
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• an exposure system arranged to transfers a
\

:

' pattern formed on a mask onto a substrate via

a projection optical system in a state where said

. mask and said substrate are stationary, and
'

,
having a surface position adjustment unit which 5

.
makes a surface of said substrate coincide with

• a best image forming plane of said projection

'. optical system, wherein

said surface position adjustment unit includes:

10

an irradiation system arranged to form a
plurality of first irradiation points within a

projection area of said pattern with said

projection optical system by irradiating first

lights from an oblique direction with respect 15

to said substrate, and also forms a second
irradiation point in a vicinity of at least one
corner of said projection area by irradiating

a second light from an oblique direction on
said substrate; 20

a first photodetection sensor capable of in-

dividually detecting a reflection light from

each of said first irradiation points photo-

electrically, and of outputting a deviation

signal corresponding to a deviation amount 25

of said surface of said substrate with re-

spect to a predetermined reference sur-

face related to an optical direction of said

projection optical system at said each of

said first irradiation points; 30

a second photodetection sensor capable of

photo-electrically detecting a reflection

light of said second light from said sub-

strate;

a stage arranged to hold said substrate and 35

can be driven in at least said optical direc-

tion; and
a driving unit arranged to drive said stage

in said optical axis direction based on an
output of said second photodetection sen- *o

sorto locate said surface of said substrate

in a vicinity of a best image forming plane
.

of said projection optical system, and ar-

ranged to drive said stage in said optical

axis direction based on said output of said 45

first photodetection sensor at each of said

points to make said surface of said sub-

strate almost coincide with said best image
forming plane of said projection optical sys-

tem, so

22. Apparatus as claimed in Claim 21 , wherein at least

one second irradiation point is formed respectively

in a vicinity ofJour comers of a projection area of

said projection opticai system, and said second ss

photodetection sensors are arranged individually

corresponding to each of said second irradiation

points.

23. Apparatus as claimed in Claim 21 or 22, wherein

said second irradiation point is formed in a vicinity

of a plurality of corners of said projection area, and
said driving unit is arranged to select said sec-

ond irradiation point formed in a vicinity of at least

one comer of said plurality of corners in accordance

with a position of a divided area on said substrate

corresponding to said projection area, and to drive

said stage based on a photoelectric detection result

by said second photosensor of a reflection light from

a surface of said second object at said second irra-

diation point.

24. Apparatus as claimed in Claims 21, 22 or 23, where-
in said projection optical system has an image field

large enough so that a divided area on said sub-

strate can be exposed in one shot in a state where
said mask and said substrate are stationary, said

divided area being an area exposed in one time with

a scanning exposure apparatus used to perform

scanning exposure on said substrate at one of a tim-

ing before and after an exposure process of said

substrate using said mask.

25. Apparatus as claimed in Claim 21 , 22, 23 or 24, fur-

ther comprising:

a control system arranged for total control of

the said exposure system and to change a control

factor of said exposure system related to through-

put in accordance with a minimum line width of a
pattern subject to transfer.

26. A device manufacturing method including a litho-

graphic process, wherein exposure is performed

using exposure apparatus as claimed in any one of

Claims 21 to 25 in said lithographic process.

27. A mask arranged for use in an exposure apparatus

and comprising:

a mask substrate; and
a' predetermined pattern which is formed on

one side of said mask substrate and includes a
circuit pattern and a mask alignment mark for

a scanning exposure apparatus and a mask
alignment mark for a static type exposure ap-
paratus.

28. A mask as claimed in Claim 27, wherein said pre-

determined pattern further includes a pattern for

aerial image measurement.
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